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ABSTRACT

Nine volumes irciuding this volume present the <inal report documentation outlining
the accompliskments for the "Cost Studies of the Mualtipurpose Large Launch
Vehicles" (MLLV), NASA/OART Contract NAS2-5056. This volume defines the
resources necessary for implerentation and operation of either the Advanced
Multipurpose Large Launch Vehicle (AMLLV) or the Multipurpose Large Launch
Vehicle (MLLV). These resource implications were determined to support the
cost analyses,

The MLLV family will consist of a single-stage-to-orbit configuration plus other
configurations consisting of a main stage (as "1sed for the single-stage-to-orbit
configuration) with various quantities of 260 inch diameter solid rocket motor (SRM)
strap-on stages and/or injection stage modules. The main stage will employ
LOX/LHg propellant with either a multichamber/plug or toroidal/ aerospike engine
system. The single-stage-to-orbit configuration will have 2 payload capability of
approximately 500, 000 pounds tc a 100 nautical mile earth orbit. With the addition
of the strap-on SRM stages and/or LOX/LHZ injection stage mcdules, this payload
capability can be increased incrementally to as much as 1,850. 000 pounds.

The contract consisted of four study phases. The Phase I activity was a detailéed
cost analysis of an Advanced Multipurpose Large Launch Vehicle (AMLLYV) family

as previously defined in NASA/OART Contract NAS2-4079. Costs for vehicle design,
test, transportation, manufacture and launch were defined. Resource implications
for the AMLLV configurations were determined to support the cost analysis.

The Phase II study activity consisted of the conceptual design and resource analysis
of a smaller or half size Multipurpose Large Launch Vehicle (MLLV) family.

The Phase III activity consisted of a detailed cost analysis of the smaller Multi-
purpose Large Launch Vehicle configurations as defined in Phase II. Costs for
vehicle design, test, transportation, manufacture and launch were determined.

The Phase IV activity assessed the results of the study including the implications
on performance, resources and cost of vehicle size, program options, and vehicle
configuration options. The study results provided data in sufficient depth to permit
analysis of the cost/performance potential of the various options and/or advanced
technc logies.

iii
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FOREWORD

This volume, Advanced Technology Implications, is one of nine volumes docu-
menting the results of a twelve month study program "Cost Studies of Multi-
purpose Large Launch Vehicles', NASA/OART Cecntract NAS2-5056. The objec-
tive of this study was to define cost, cost sensitivites, and cost/size sensitivites
of potential future launch vehicles to aid in the guidance of current and future

technology programs. The baseline vehicles utilized to make this assessment
were:

1. The Advanced Multipurpose Large Launch Vehicles (AMLLYV) as defined
under NASA/OART Contract NAS2-4079.

The Multipurpose Large Launch Vehicles (MLLV) as defined under this
contract and described in Volume II, '"Half Size Vehicle (MLLV)
Conceptual Design".

The program documentation includes this volume (Resource Implications), a

Summary Volume plus an Advanced Technology Implications Volume, a Design

Volume, Cost Volumes, Cost Implications Volume, and Appendices Volumes.

Individual designations for these volumes are as follows:

Volume I Summary

Volume I Half Size Vehicle (MLLV) Conceptual Design

Volume III Resource Implications

Volume 1V Baseline AMLLYV Costs

Volume V Baseline MLLV Costs

Volume VI Cost Implications of Vehicle Size, Technology Configurations, and
Program Options

Volume VII Advanced Technology Implications

Volume VIII  Flight Control and Separation, and Stress Analysis
(Unclassified Appendices)

Volume IX Propulsion Data and Trajectories (Classified Appendices)




FOREWORD (Continued)

Data on the 260 inch diameter solid propellant rocket motor were obtained from the
Aerojet General Corporation. Data on the multichamber/plug propulsion system
were obtained from the Pratt and Whitney Divis:ion of the United Aircraft Corporation
and the Rocketdyne Division of the North American Rockwell Corporation. Data on

the toroidal/aerospike propulsion system were obtained from the Rocketdyne Division
of the North American Rockwell Corporation.

These propulsion data were obtained from the propulsion contractors at no cost to
the contract. The material received encompassed not only the technical data, but costs,
resources, schedules and advanced technology information. This support materially

aided The Boeing Company in the preparation of a complete and meaningful study ~
and is gratefully acknowledged. !

This study was administered under the directiocn of NASA/OART Mission Analysis
Division, Ames Research Center, Moffett Field, California under the direction
of the technical monitor, Mr. Edward W. Gomersall,
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1.0 INTRODUCTION AND SUMMARY
The resources necessary to define the costs for implementation and operation
of both the AMLLV and MLLV families are defined in the following plans which
constitute this document:
a. Design Plan (Section 3, 0)
b. Development and Test Plan (Section 4. 0)

Manufacturing Plan (Section 5. 0)

Transportation Plan (Section 6.0)

Launch Operations Plan (Section 7.0)

Schedule Plan (Section 8. 0)
g. Resource Requirements for Design Alternatives (Section 9.0)
For each plan, there are descriptions, assumptions and guidelines upon which
the plans were developed. TFigure 1.0.0.0-1 illustrates the sources and flow of
AMLLV/MLLV cost inputs,
To accomplish the objective of providing "modularized' detail costs of the two
vehicle families, costs (and supporting resource data) were categorized for

three program phases as follows:

NAH "Get Readyﬂ Phase

This category includes ron-recurring resource requirements for vehicle
design, and for the tooling, equipment and facilities required to produce
and launch a vehicle,

Development Test Phase

This category includes the non=recurring resource requirements for all
development test activity required to develop the launch vehicle, its
components and the associated support hardware,

The Operational Program Phase

This category includes all of the recurring resource requirements for
manufacture and launch of the operational vehicles,
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1.0 (Continued)

Resource requirements for each of the above phases were estimated in terms of:

a. Direct manhours
1. Engineering
2, Non-Engineering

b. Facilities

c. Capital equipment
d. Tooling

e. Materials

The basic resource requirements were defined by the various Boeing operational
groups which are performing related tasks for the Saturn V/S-IC Programs (Boeing/
Huntsville, Boeing/Michoud and Boeing Atlantic Test Center at Cape Kennedy).
These inputs provided the basis for estimating the program cost. Industry wide
labor rates and factors were applied for indirect labor and management cost. These
rates and factors were based on either historical data or current negotiated
procedures for the Saturn V/S-IC Program. The final calculated costs are presented
in Volumes IV and V of this final report.

Inputs on liquid engine costs were provided by Pratt and Whitney and Rocketdyne.
Solid rocket motor costs were provided by Aerojet General Corporation,

The guidelines and assumptions used in the resources implications portion of the study
were developed from the contractual requirements, the previous AMLLV study
(NAS2-4079), and applicable data from previous and current studies. Where special
circumstances dictated an arbitrary assumption, The Boeing Company and the NASA
technical monitor concurred on a suitable guideline, i.e., to aid in costing, etc.,
manufacturing was assigned to take place at Michoud; the launch site would be land
based rather than occupy an offshore location, etc.

Figure 1,0,0,0-2, Master Program Schedule, provided for reference in this
summary, shows the relationship of each of the resource plans discussed below.

1.1 DESIGN PLAN

The design plan defines the engineering requirements for initial design, R&D support
and sustaining engineering during production and launch. Resource requirements for
the engineering design activity will be limited to manpower requirements. Adequate
facilities and equipment are considered to be available at the Michoud site.
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1.1 (Continued)

Engineering dcsign manpower does not appear te be proportional to vehicle size or
weight, Complexity of vehicle systems appears to be the parameter that best deter-
mines the required design effort. Estimates of stage complexity can be made by
comparing system operational life, number of svstems, effects of a svstem failure.
numoer of functions performed by the system and whether its design is. or is not
within the present stage-of-the-art.

Release of component drawings will be initiated 1 1/2 years after authorization to
proceed. The drawings will be revised based upon the results of the R&D test.
Sustaining engineering will commence at the beginning of the 8th year and continue
throughout the remainder of the production and launch program.,

The design engineering manhours, exclusive of support of the development test pro-
gram and sustaining engineering, (for "A'" costs) are shown below:

STAGE AMLLV MLLYV
Main Stage 3,420,000 3,345,000
Injection Stage Engine Module 2,070,000 2,079,000
Injection Stage Fuel Module 45,000 45,000
SRM Stage 220,000 160, 000

i The sustaining e:igineering manhour estimates (for "C" Costs) are shown below:

STAGE AMLLV MLLV

’ Main Stage 447,000 447,000
Injection Stage Engine Module 145, 000 145, 000

Injection Stage Fuel Module 4,500 4,500

SRM Stage 28,500 28,500

Engineering support requirements for the development test program are included
in the resource requirements for the R&D test plan.




1.2 DEVELOPMENT AND TEST PLAN (NON-RECURRING AND RECURRING TESTS)

The Development and Test Plan defined the non-recurring R&D and the recurring
acceptance, static firing and pre-launch test activities. The R&D tests identified
and the associated costs for four different programs are shown in Table 1.2.0.0-T.
The four programs for which costs are shown are:

a. Development of an AMLLV gingle=Stage=-to-Orbit Vehicle,

b. Development of an AMLLV Maximum Payload Vehicle consisting of a Main
Stage, 12 strap-on stages and a three module injection stage.

c. Development of an MLLV Single Stage to Orbit Vehicle.

d. Development of an MLLV Maximum Payload Vehicle consisting of a Main Stage,
8 strap-on stages and a three module injection stage.

Manufacturing mockup tests will consist of building a mockup vehicle for use in
initial manufacturing facility layout, evaluating procedures, and for training of
manufacturing personnel. The manufacturing mockup plus structural components
of the Facilities Checkout (F) vehicle, discussed below, will basically include all
of the components of a complete launch vehicle system exclusive of operational
liquid engines. The manufacturing resources attributable to these tests were the
manpower and material required to fabricate the mockup component elements, and
for assembly of these elements into the mockup vehicle. Adequate tooling,

equipment and facilities will exist except for the floor space that the mockup
will occupy.

A facility checkout vehicle will be provided to conduct the tooling, GSE and facility
shakedown test. This "F" vehicle will consist of a main stage, a single module
injection stage, a sirgle SRM strap-on stage loaded with inert propellant, and a
mockup payload with a simulated instrument unit. These stages of the "F" vehicle
will consist of load carrying structure, and those elements which will interface
with other stages or GSE. Resource requirements for fabrication of the "F"
vehicle were determined by defining the specific components that will make up the
"F'" vehicle and summing the manpower and material required to fabricate and
assemble these components. Adequate tooling, equipment and facilities will exist.
The "F" vehicle will be used to check out the dynamic test facilities. Resource
requirements for use of the "F' vehicle at the dynamic test facility were attributed
to the requirements for dynamic test rather than the "F'" vehicle, because if there
were no dynamic test there would be no requirement for this "F" vehicle operation.
Resource requirements attributable to use of the "F' vehicle during transportation
and at the launch site were generally assumed to be the same as those attributable
to processing the first flight test vehicle,




TABLE 1.2.0.0-1 Development and Test Plan Cost

Summary
AMLLV MLLV
TEST !Single--Stagé Maximum Single-Stage Maximum
| to Orbit | Vehicle | to-Orbit | Vehicle

(DOLLARS IN THOUSANDS)

a. R&D Tests (Non-Recurring)
"B" Cost Category .
1. Model 600 1,000 600 1.000
2, Manufacturing Mock-Up 5,038 6,296 3,176 3,969
3. Facility, GSE, &
Tooling Shakedown 319,288 417,440 | 287,536 369,193
4, Component and Suk-
. Systems 150,000 209,684 | 120,000 173, 037
, 5. Breadboard 80,520 ‘98,528 73,200 89, 566
: 6. Structural
(Static Load) 86,067 13¢, 869 66,420 96,995
7. Dynamic 66, 057 125,511 53,104 97,874
8. Engine Development
and Qualification 492,943 733,686 325,471 484,943
9. SRM Development and
Qualification 137,768 117 /116
10. Static Firing and
Flight Tests 836,735 | 1,284,247 | 731,826 |1,026,726
11. Ground Support Equip- |  GgE and LVGSE costs are included in

ment (GSE) and Launch
Vehicle Ground Support
Equipment (LVGSE)

the equipment costs at the manufac-
turing, test and lannch facilities,
and in vendor procurement costs,

b. Manufacturing and Operations

Tests (Recurring) Recurring Test Costs are included
1. General Acceptance in the Manufacturing and Launch
2. Static Firing Operations Estimates for the '"C"
3. Pre-Launch Test and Cost Category.

Checkout
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1.2 (Continued)

The component and subsystems test program will consist of those development and
qualification tests required for vehicle components and subsystems (including
purchased or procured items) exclusive of the liquid engine systems and the sotid
rocket motors. The resource requirements for this series of tests were obtained
using factors determined from the current Saturn V/S-IC program. No additional
facility requirements were attributed to this series of tests,

A systems development breadboard was specified for this program. This breadboard
will be used as a tool to assist the design engineer during the initial design phase to
evaluate component and subsystem interactions and compatibility. The breadboard
will be updated as changes are made to the design, and after completion of the
development test program will be subsequently maintained to assist in the evaluation
of later design changes and/or specific mission requirements. The resource require-
ments for this test assume that existing facilities are adequate but that a new
computer will be required.

Each element of the load-carrying structure will be subjected to a structural ioad
iest to failure. In excess of a complete set of load carrying flight type structures,
additional structural components will be required to support this test program.
New test facilities for these tests will be required adjacent to the manu-

facturing site and at the SRM subcontractor's facility.

Although no specific requirement for a dynamic test program was identified, in accord-
ance with the Saturn V/S-IC test philosophy a dynamic test program was spevified.
Dynamic tests will be conducted on the main stage and on the injection stage. SRM
stages will not be provided but their interactions will be simulated during the dynamic
test by providing programmed inputs to hydrodynamic shakers located at the SRM

stage attach points to the vehicle. A new facility adjacent to the main stage manu-
facturing facility will be required for these tests. Incorporation of these tests

into the R&D program increased the total time span for the R&D program by one

year. Elimination of these tests, therefore, would result in a one year reduction

in the R&D test program time span and also would reduce the overall R&D program

costs by approximately $125,511,000 for the AMLLV, or $97,874,000 for the
half size MLLV,

The liquid engine systems for the main stage anc injection stage will require a
development and qualification program. The magnitude of the main stage engine
program will be dependent upon the type of engine system used (i.e., the multi-
chamber/plug or the toroidal/aerospike).

The baseline program defines the resource requirements for the Pratt and Whitney
multichamber/plug engine system. Backup data shows the development and qualifi-
cation requirements for the Rocketdyne toroidal/aerospike engine systems. No new

-———“‘-—-ﬂﬂ-‘“'—"—"




1.2 (Continued)

engine test facilities will be required as the engine systems will be tested by indivi-
dual module, The first complete test of the assembled mair. stage engine system
will occur at the first static firing of the main stage as discussed in 1 subsequent
paragraph.

The TVC system for the multichamber/plug engine system consists of actuators
which gimbal the different engine chambers to provide the lateral thrust vector.

The lateral reactions from this type cf system can be analytically determined with
reasonable accuracy. The toroidal/aerospike engine system, however, will use
injection of liquid oxygen about the base of the plug to provide the necessary lateral
force. This type of engine system is dependent upon specific configuration layouts
and is sensitive to altitude effects. Anticipated lateral reactions as a function of
injectant flow are difficult to determine analytically for the overall flight regime.

As nc test facility is provided for conducting tests of the full scale engine system and
its associated TVC (and in particular over the altitude range that will be encountered
in flight) the first operational test of the thrust vector control system will be in
conjunction with the first R&D flight test. Design of these systems therefore must
rely on extensive model tests and analytical studies to assure successful operation
during the initial flight test,

The SRM stage development and qualification tests will consist of ten firings of the
full size solid rocket motor. Four of these firings will be for development of the
solid rocket motor and the remaining six for qualification. Three of these latter
tests will also incorporate the additional hardware elements that will make up the
solid rocket motor stage, i.e., forward and aft attachment hardware, destruct
system, instrumentation, etc. The SRM TVC system will be on each of the ten
motors tested such that its development and qualification will be accomplished
concurrent with the firing tests. These SRM tests will be accomplished using the
facilities, tooling and equipment to be provided for the follow-on production phase
and will not, therefore, require additional resources other than manpower, meterial
and instrumentation,

In accordance with current test philosophy, two R&D flight vehicles will be required
in the development test program. By ground rules, the R&D flight configuration

will be the maximum size configuration anticipated for the program, i.e., the main
stage plus the three module injection stage plus a full complement of strap-on stages.
The liquid stages for these flight vehicles will be static tested prior to flight. The
resource requirements for the first static firing and flight test were assumed to be
equivalent to those of the first production unit for cost estimating (Considering the
learning curve effects, the first operational vehicle will then be the third unit down
the learning curve, i.e., the two R&D flight tests being the first two units).




1.2 (Continued)

Certain other tests will be required to develop and qualify the ground support
equipment and the launch vehicle ground support equipment (LVGSE). The resource
requirements for thzse tests were attributed to the cost of procuring this hardware .

The total time span of the R&D program (from authorization to proceed through
iaunch of the 2nd R&D flight test) will cover a period of 8 1/2 vears.

1.3 MANUFACTURING PLAN

The manufacturing plans for the main stage, injection stage and SRM strap-on stage
attachment hardware were developed in detail in order to define resource requirements .
In addition to data for these elements which will be fabricated and assembled at the Mfg.
Facility, detail data for purchased items (main and injection stage liquid engines and

solid rocket motors) were supplied by Pratt and Whitney, Rocketdyne, and Aerojet
General Corporation,

The plans are, where practicable, an extrapolation of fabrication techniques deve-
loped for the S-IC stage. The plans describe the fabrication and assembly of
components, sub-assemblies. svstems and final assembly of each stage.

Procedures for fabrication and assembly are presented for each major structural
component, and finally, for assembly of these components into a complete stage,
Included are tooling lists and pictures, capital equipment lists and facilities
requirements in terms of square footage. Pictorial flow sequences of assembly
operations from sub=assemhbly through final assembly are presented, Table 1.3.0.0=I
summarizes resource requirements, ''B'' category estimates are not included as

this summary is concerned with "get ready' and operating costs for manufacturing,
transportation and launch,

1.3.1  Main Stage

The main stage structure is composed of six major sub-assemblies; the inter-
changeable forward skirt, LOX tank, LH, tank, thrust structure, base plug and
tunnels. The fabrication and assembly sequence is essentially the same for both
versions of the interchangeable forward skirt assemblies. Main stage systems
include the propulsion/mechanical, electrical/electronics, instrumentation and
flight control systems. The main stage engines are received from the propulsion
contractor as a sub-assembly, tested and installed onto the main stage assembly.

Figures 1.3.1.0-1 and 1.3.1.0-2 summarize the main stage manufacturing plan
by showing the final assembly sequence and the flow through the manufacturing
facility.

The estimates provided to Finance for costing and summarized in Table 1.3.1.0-1
included:
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1. MOVE FORWARD SKIRT TO
PROPELLANT TANK ASSEMBLY
STATION

2. LIFT FORWARD SKIRT OFF
TRANSPORTATION DOLLY

3. POSITION AND ASSSMSLE
FORWARD SKIRT T
A 4. MOVE ASSEMBLY TO HYDRO-
PROPELLANT TANK ASSEMBLY STATIC TEST TANK FACILITY

5. POSITION TANK INTO HYDRO-
STATIC TEST FACILITY

FIGURE 1.3.1.0-1 COMPLETE MANUFACTURING SEQUENCE, ADVANCED MULTIPURPOSE
LARGE LAUNCH VEHICLE. (SHEET 1 GF 3) '
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7. MOVE AFT SKIRT ASSEMBLY
TO PROPELLANT TANK
ASSEMBLY STATION

TEST TANKS L

i
P a
;
8. POSITION AFT SKIRT IN
ASSEMBLY TOWER 9, REMOVE PROPELLANT TANK
ASSEMBLY FROM HYDROSTATIC

6, CLEAN AND HYDROSTATIC
TEST FACILITY

10. TRANSPORT PROPELLANT
TANK FROM HYDROSTATIC
I?X‘TE%P TANK ASSEMBLY 11. POSITION PROPELLANT TANK

ON AFT SKIRT ASSEMBLY
AND MECHANICALLY FASTEN

FIGURE 1.3.1.0-1 (SHEET 2 OF 3)

13

AR
Ry




13. STAGE NESTLED ON TRANSPORTER

12, IOWER STAGE ONTO TRANSPORTER

15, ATTACH CENTER BODY PLUG
TO TUBULAR TRUSSWORK

14, ASSEMBLE TUBULAR TRUSSWORK
TO AFT SKIRT

16, INSTALL ENGINES AND
ACCESSORIES

FIGURE 1.3.1,0-1 (SHEET 30F 3)
14
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1.3.1 (Continued)

a. "A'" Category estimates for tool fabrication, erection and checkout manhours,
tool materials and facilities.

b. "B" Category estimates for R&D test vehicle specimen costs (included in
resource requirements for R&D test plan),

c. '"C" Category estiinates for stage materials, manufacturing manpower and
facility maintenance.

The main stage engines were treated as purchased items. Either multichamber plug
or toroidal/aerospike engines can be used on the main stage. The multichamber
plug engine was selected for the baseline vehicle and ~stimates for ""A' and "C"
costs are summarized in Table 1.3,1.0-I. A subsequent paragraph will discuss the
engines and other program options.

1.3.2 Injection Stage

There are three possible configurations of the injection stage. The smallest is an
engine wafer with two engines; this stage is used with the main stage without any
SRM strap-on stages. The next larger size is a engine wafer with four engines and

a fuel module to supply additional propellants. The largest configuration has six
engines installed on the lower module and two fuel modules for additional propellants.
The manufacturing plan prepared for the injection stage applies to all possible
combinations of modules. The plan shown is for the six engine version of the engine
module., Four and two engine versions are manufactured with the same basic tools,
with engines and other system items omitted as required in final assembly.

Fuel modules which supply additional tankage for the four and six engine modules
are identical, except for omission of the thrust posts and heat shield. In addition
to the above changes, the fuel tank pressurization system is installed in the engine
module and the propellant manifolds are replaced by interconnect lines to the fuel
module tanks. The manufacturing plan is summarized in Figures 1.3.2.0-1 and -2.

Flow through the manufacturing facility is shown in Figure 1.3.1,0-2, demonstrating
that the main stage facility is shared. Resource requirements are summarized
in Table 1.3.2,0-I.

The cost data for the injection stage engines was supplied by Pratt and Whitney
Aircraft., The MLLV engine develops 125, 000 pounds of thrust and the AMLLV
engine 250,000 pounds, The "C" costs shown in Table 1.3.2.0-I are for the six
engine version, thereby taking advantage of the learning curve effect on the produc-
tion rate. Unit costs would increase with a production rate of less than 12 engines
per year. Cost analysis was based upon two vchicles per year .
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1.3.3 Solid Rocket Motor Strap-On Stage

The sequential flow of the 260" SRM strap-on stage is shown in Figure 1.3.3.0-1.
The structural assemblies consisting of the nose cone, forward skirt, aft skirt and
attachment fittings will be fabricated at the main stage Mfg. facility and sent to the
SRM contractors facility for assembly to the solid rocket motor. The remaining
stage components and all facilities and equipment necessary for stage assembly.
handling and transportation (accomplished by the SRM contractor) are included in

the Aerojet General Corporation cost estimates. The manufacturing operations
are summarized in Figure 1.3.3.0-2.

The estimates, prepared at Michoud for the structural assemblies, were prepared
to the same level as those for the main and injection stage structure. In general.
the Aerojet estimates are in the "A" and "C" categories but not to the same level of
detail. The manufacturing resource requirements for the 260" SRM strap-on stage
are summarized in Table 1.3.3.0-I.

1.4 TRANSPORTATION PLAN

Transportation of the main and injection stages resolves into two modes. Pneumatic‘
tire units will be utilized within the confines of the manufacturing facility. Towed
barges will be used to transport the stages to the lJaunch facility. (Table 1.4.0.0~1.)

No land transportation ¢f the SRM stage is required, as it is lifted directly from
the casting pit and placed aboard the towed barge used to transport it to the launch
facility.

At the launch facility all stages are lifted directly off their barges and placed in the
selected location by a large traveling gantry hoist; therefore, no additional trans-
portation equipment is required.

1.5 LAUNCH OPERATIONS PLAN

Launch of baseline study vehicles AMLLV or MLLV with SRM strap-on stages will
require cemplete new facilities and operational procedures. A fixed, rather than

a mobile system as used for the Saturn V, was selected. The launch pad will serve
as the static firing stand for main and injection stages, the refurbishment facility,

the vertical assembly and checkout facility and finally the launch pad.

The load lifting and transport concept is similar to the traveling gantry cranes used
in shipyards. The gantry uses roll ramp actuators for hoisting its cross head to
which the load is attached, and the traveling feature is accomplished by wheeled
trucks on rails under each leg.

The general facility layout is shown in Figure 1.5.0.0-1.
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1.5 (Continued)

Detailed sequential flow plans were prepared for all launch site operations. They were
broken down to the level necessary to define the equipment, determine man loading

and establish scheduling. Figure 1.5.0.0-2 summarizes the launch complex activities.
The resource requirements are summarized in Table 1.5.0.0-1.

1.6 SCHEDULE PLAN

Timelines and/or schedules were developed for all the previously discussed plans
(design through launch). These schedules are discussed in detail in Section
8.0,and are summarized in Figure 1.0,0,0-2, preceeding.

1.7 PROGRAM OPTIONS

The plans and resource requirements summarized in the preceeding paragraphs
were based on a selected configuration concept. The main stage was equipped with
a multichamber/plug engine system. Either multichamber/plug or toroidal/

aerospike engines can be used on the stage.

NOTE: Engine Costs are based on data as provided by Rocketdyne for the
toroidal/aerospike and by Pratt and Whitney for the multichamber/
plug respectively. It is not cextain whether the data as provided
was developed on exactly the same basis. Therefore, any compari-
sons are of a general nature, and are not necessarily indicative of
actual system differences.

The Pratt and Whitncy cost data for the multichamber/plug engines (AMLLV
and MLLV) is arranged in "A'", "B'" and "C" cost categories, but is not to
the depth shown for the stage structures and systems. Table 1.7.0,0-I
summarizes the program costs.

The toroidal/aerospike engine cost data has been prepared for several concepts.
Two concepts are for the MLLV, both having 1200 PSIA chamber pressure, one
of which is based on using J-2S turbo-machinery,and the other uses new
turbo-machinery.

Three concepts are for 2000 PSIA chamber pressure engines using new turbo-
machinery. Two concepts are for the AMLLV, the first of which has a million
pound thrust module and the second a two million pound thrust module. The
third concept is for the MLLV, and has a million pound thrust module.

The cost data for the AMLLV is summarized in Table 1.7.0.0-I1 and the MLLV
data in Table 1,7,0.0-I0I.,
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TABLE 1.7.0.0-1 Multichamber/Plug Engine Cost Summary

CATEGORY COST ITEM AMLLV MLLV
Engineering $ 37.5M $ 26.4M
Equipment 1.3M 1.0M
Tooling (Basic) 13.2M . 2M
"A" COSTS Subtotal $ 52.0M 3 36.6M
Production
Tooling (Basic) $ 32.9M $ 23.1M
Equipment 9. 8M 7. OM
GSE 16. 5M 11.6M
Subtotal $ 59.2M $ 41, 7™ {
Total $111.2M $ 78.3M (
Engineering $143.2M $100. 8M
Test 54. 0OM 38. OM
Equipment 15. 2M 10. 8M
"B" COSTS Tooling (Basic) 11. 5M 8. 1M .
Fabrication 154, 9M 109. OM ‘
Subtotal $378. 8M $266, TM .
Oxygen Fuel $ 30.2M $ 15,5M ‘
Hydrogen Fuel 83. IM 43, 2M
Subtotal $114. 1M $ 58.8M
TOTAL $604. 1M $403. 8M
NON-RECURRING
Engineering $ 3.4M $ 2,4M
Test 4, 6M 3. M
"C" COSTS Tooling (Maint, ) 5,2M 3. ™
Fabrication 57. IM 41, 4M
15T VEHICLE $ 71.1M $ 50.8M
RECURRING
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TABLE 1.7.0.0-0 AMLLV - Toroidal/Aerospike Engine Cost Summary

CHAMBER PKESSURE 2000 PSI 2000 PsSI
MODULEFE THRUST (LBS) 1000 K 2000 K
CATEGORY COST ITEM DOLLARS IN MILLIONS B
Design and Developrment
AT Engineering $ 43.2 $ 50,5
Test 11.2 13.0
+ Equipment 16. 4 21,1
"B" Tooling (Basic) 7.0 10,0
Fabrication 55,0 89.9
Subtotal $132. 8 $184. 5
_Production
Tooling (Basic) $ 4.0 $ 6.0
Equipment 3.0 3.5
GSE 4.5 6. 0
Subtotal $ 11.5 $ 15.5
Total
Non-Recurring $144. 3* $200, 0*
F___ ————— “= — e
Production
First Unit First Unit
Engineering $ .15 $ .25
Test .18 . 30
Tooling (Maintenance) .26 .42
Fabrication 2,51 4,09
nen Total Per Module $ 3.10 $ 5.06
60th Unit 30th Unit
Engineering $§ .09 $ .17
Test .11 .21
Tooling (Maintenance) .17 .30
Fabrication 1.55 2,75
Total Per Module $ 1.92 $ 3,43
1

* Propellants for the R&D Test Program were assumed to be Government furnished
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TABLE 1.7.0,0-TIT MLLV - Toroidal/Aerospike Engine Cost Summary

CHAMBER PRESSURE

1200 PSI

2000 PsI

MODULE THRUST (LBS)

286K*

1000K

1000K

CATEGORY

COST ITEM

DOLLARS IN MIL

LIONS

Engineering
Equipment

Tooling (Basic)
Subtotal

PRODUCTION

Tooling (Basic)
Equipment
GSE

Subtotal

Total

Included in
HB'I

Engineering
Test
Equipment
Tooling (Basic)
Fabrication
Subtotal

$ 37.8
10.1
16.1

6.0
51.9

7.0
58. 0

$121.9

$135. 8

Total
Non-Recurring

$143. 4
——3

$147. 3

PRODUCTION

Engineering

Test.

Tooling (Maintenance)
Fabrication

Total Per Module

Engineering
Test
Tooling (Maintenance)

Total Per Module

First Unit

First Unit

First Unit

$ .06
.08
.09
1,01

$ 1.24
100th Unit

$ .14
.17
.24
2, 36

$ 2.91
30th Unit

$ .15
.18
. 27
2. 64

$ 3.24
30th Unit

$ .04
.05
. 61

$ .75

$ .09
.11
1.59

$ .10
12
1.78

$ 1.95
L

$ 2.18

* Uses J-2S Turbo-Machinery




2.0 GUIDELINES AND ASSUMPTIONS

The guidelines and assumptions for this study were developed from the contractual
requirements, the previous AMLLV study (NAS2-4079), and applicabie data from
previous and current studies, Where special circumstances dictated an arbitrary

assumption, The Boeing Company and the NASA technical monitor concurred on a
suitable guideline.

General
1. The resource plans were based on current Saturn V philosophies to the

maximum extent possible. No attempt was made to tailor the program
for cost optimization,

A facility checkout vehicle will be provided that can be used to check out
the facilities, GSE and tooling required for fabrication, test and launch,

Cost estimates were based on 1968 dollars witnout application of infla-
tionary factors.

Where possible, the cost estimates were based on direct costs with
burden costs added as a separate item.

Engineering Design

Office space at the Michoud Complex will be considered adequate to house
the engineering staff for the research and design effort required for either
the AMLLV or MLLV programs. Also, adequate engineering laboratories
with support facilities presently exist, so that no new facilities will be
needed to support engineering design.

Testing

1. The vehicles will be manrated. The necessary combination of ground
and flight testing was established to achieve this result.

The development test program for either the AMLLV or the MLLV will
each provide for two unmanned flight tests of the maximum size configu-
ration in the selected vehicle family.

Engine module acceptance test firing and trim by engine contract will be
required.

Present NASA/MSFC and KSC philosophies will be continued,

A dynamic test will be included in each program (either AMLLV or MLLYV)
for the maximum size vehicle (strap-ons will be simulated).




2.0

(Continued)

6ﬂ

Development testing of the main stage and injection stage will be con-
ducted in new dynamic and structural test facilities constructed adjacent
to the factory building.

7. Static test firing wiil be required for final acceptance of the main stage
and injection stage.

8. Static test firing will be conducted on the launch pad.

9. Maximum utilization will be made of existing government and industry
ground test facilities and test equipment.

10. Early development testing will be limited to testing in existing facilities.

Manufacturing

1. The production rate will be limited to 2 flight vehicles per year.

2. All stages will be built adjacent to a navigabie body of water.

3. Main stages and injection stages will be fabricated at the NASA Michoud
site (or its equivalent located on a navigable waterway) in a new factory
building.

4. SRM stages will be assembled at the Aerojet General Facility in Dade

County, Florida.

Transportation and Handling

1. Assembled stages will be transported from the manufacturing facility to
the launch facility by water.

2. Main stages will be transported in a horizontal attitude.

3. SRM stages will be transported in a horizontal attitude.

4, Payload will be transported by water in either a horizontal or vertical
attitude, depending on size and clearance problems.

Launch

1. Operational launches will be evenly spaced with one launch every six
months.,

2, The launch site will be in the vicinity of Cape Kennedy to utilize the

available facilities, support equipment, personnel, and existing
tracking networks,
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(Continued)

3.

Although the acoustic siting criteria indicate that an off-shore site is
required, an on-shore site will be used to provide credibility to facility,
equipment, tooling and cost requirements,

Mating of SRM and injection stages to the main stage will be at launch
site,

Siting of launch pads will be based upon 20 percent (TNT equivalency)
yield of solids when mounted on fueled core, with 60 percent (TNT equiva-
lency) yield of LHs/LOX.

The vehicle, supported in the launch stand at its holddown points, must
be capable of withstanding a hurricane, but not necessarily without
braces or tie downs (i.e., not self -supporting uncer hurricane condi-
tions,)
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[2ING PAGE BLANK NOT FILMED.

3.0 DESIGN PLAN

This design plan was developed to define the engineering requirements for initial
design, R&D support and sustaining engineering during production and launch. The
plan was based on past experience with similar plans and estimates, and on historical
data from the S-IC and Saturn vV programs. This plan is applicable to both the
AMLLYV and MLLYV vehicle families.

The design plan was prepared assuming that the design of the main stage, injection
stage and solid rocket motor (SRM) stages will proceed in parallel.

Using the conceptual designs of the AMLLYV and MLLYV vehicle families and S-IC
historical engineering design records, schedules, a design plan and manpower
estimates were prepared. The manpower estimates were then used to develop
engineering design costs.

Paragraph 3.1 presents a description of program phases and the engineering
schedule. Paragraph 3.2 reviews design resource requirements for manpower,
equipment and facilities.

This Design Plan is for the launch vehicle only and does not include tool, GSE
and facility design requirements. These requirements are shown as they are
applicable, in the subsequent Test, Manufacturing, Transportation and Launch plans.

Engineering design resource requirements applicable to the R&D program are
not shown in this Design Plan resource requirements, but are shown in the
resource requirements for the Development and Test plan.

3.1 DESIGN PLAN DESCRIPTION

The engineering design sequential plans for the full size (AMLLYV) and the half size
(MLLV) vehicles were based on compliance with the NASA Policy Directive, NPD
7121.1, Phased Project Planning, dated October 28, 1965. This policy directive
defines the four project phases. Figure 3.1.0.0-1 defines these phases and their
outputs in a summary form,

This Design Plan was prepared for Phases C and D. The time span of the Design
Plan, exclusive of sustaining engineering, will be 8-1/2 years, starting 6 months
after the end of Phase B and ending with completion of the R&D program.

The Phase C design activity will refine the preliminary design and specifications
prenared in the earlier Phase B activity. The Phase C design activity will provide
working drawings to manufacture test articles, monitor the R&D tests, and will
provide the final design. Results from the R&D test program will indirate the
changes that must be made in the design; therefore, the design activity cannot

be considered to be complete unti! after completion of all R&D testing. Phase C
will be completed upon release of final drawings and specifications for Phase D
procurement,or production articles ‘or the operational program.
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3.1 (Continued)

The initial Phase D activity will: 1) provide the tacilities, tooling and equipment;

2) manufacture the test articles and 3) conduct the R&D tests. The Phase D produc-
tion program will phase into the latter portion of the R&D program, Phases C and
D, by definition, must overlap.

The engineering design functions consist of:

a, Initial design, monitoring of the R&D program and final design (non-
recurring activity);

b. Sustaining engineering during the production program (recurring activity).

Initial design will be the analysis and drawing activity required to describe the basic
concept. At the end of this activity, the design is considered to be 90 percent com-
plete. All drawings will have been released. Many changes, however, will be made
as a result of R&D tzst results and also to incorporate desirable improvements.
Engineering desigr support of the R&D pregram will consist of determining test re-
suirements, monitoring the test activities, analyzing the results, and revising the
design,

The sustainirg design engineering activity will consist of incorporating those changes
required in ihe d:sign to allow for improvements, variation in number and type of
measurements and changes required for different types of missions.

Figure 3.1,0.0-2 shows th¢ engineering schedule, This schedule is applicable to both
the AMLLV and MLLV programs. The release dates are programmed to match the
manufacturing requirements for data,

3.2 RESOURCE IMPLICATIONS

Discussion of resource requirements for engineering design activity is limited to
manpower requirements. Adequate facilities and equipment are considered to be
available at the Michoud site where the manufacturing operations could be hased.

Engineering design manpower does not appear to be proportional to vehicle size or
weight, as shown by comparison of the engineering design manhours required for the
half size (MLLV) vehicle configuraticn with those required for the full size (AMILLV)
vehicle configuration. Complexity and quantity of vehicle systems appears to be the
parameter that determines the required design effort. Estimates of stage complexity
can be made by comparing system operational life, number of systems, effects of a
system failure and number of functions periormed by the system and by determining
whether its design is, or is not, within the present state-of -the-art.
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3.2.1 \anhours for Design Activity (Inputs for Category "A' Get Ready Costs)

Using the S-IC stage design manhours as a basis, estimates were prepared for the
main stages and injection stages of the two studv vehicles. Table 3.2.1.0-1is a
summary of the engineering manhours for the design task. The following notes
(referenced in Table 3.2.1,0-1) explain how the manhours were estimated.

l. §-1C records did not record the design manhours for the individual struc-
tural systems. It is believed system complexity is reflected in the re-
quired manufacturing manhours. Design manhours attributed to the
individual S-IC structural elements were the refore determined by a ratio
of the manufacturing manhours required for the individual structural
element to the tolal manufacturing manhours required for the S-IC stage
for Saturn V vehicle No. 10.

2. The standard (lightweight) forward skirt for the MLLV will be similar to
tha: of the S-IC, therefore, a small allowance was made for the effect
of size and for the addition of the holddown fittings.

I
.

An allowance was made for the effect of maximum obtainable sheet stock.
\lore joints will be required for the AMLLYV forward skirt than for the
MLLYV forward skirt.

4. The injection stage skirt will also serve as the thrust structure (item 7
below) when thrust posts are added. A total of 150,000 manhours was
estimated for design of the load carryving structure,which will be more
complex than the S-IC forward skirt and less complex than the S-IC
thrust structure,

5. The injection stage fuel module will be similar to the injection stage eagine
module, but will not contain the propulsion and mechanical, electrica’/
electronic, instrumentation and flight control subsystemsi, The purpse of
the fuel module will be to provide additional propellant tenkage. Prc visions
in the form of propellant tunnels between the fuel and enzin2 module «ill
be designed. (The engines will always be attached to th2 engine mocule so
that the module must be designed for thc maximum (six engine) projulsion
gystem,) 45,000 dczign inanhours will be required to adapt the engine module
componert designs into the fael rodule design.

6. The main stage thrust structure design task should be less cifficul: than
that for the S-IC. Much of the engineering effort on the S-IC stage was
involved with the heat shield. In this case, the center plug will take
the place of a heat shield; therefore, the design nours were reduczd by
approximately 25 percent. 5,000 manhours were added for the AMLLV

over that required for the MLLV thrust structure to account for material

size effects.
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3.2.1 (Continued)

7. The thrust structure for the injection stage will consist of six thrust
posts and two ring frames., Approximately one-fourth of the design
task on the S-IC thrust structure was involved with the design of the
thrust posts; therefore, 75,000 manhours were estinated for the design
of the injection stage thrust structure,

The design task for the hydrogen tank will be similar to the task of de-
signing the RP-1 tank for the S-IC,except for the cryogenic temperatures
and only one bulkhead. The common bulkhead between the fuel and oxi-
dizer tank was considered to be part of the LOX tank,

The torus propellant tanks for the injection stage fuel module will be
identical to the injection stage engine module fuel tanks. It is
anticipated that considerable effort will be required in engineering
as well as manufacturing development for design of these tanks.

The LOX tank will include the common bulkhead. It was estimated that
the design task will be about double that of the design of the S-IC LCX
tank.,

The base plug will be a regeneratively cooled, composite structure of
morel and aluminum honeycomb, Because of the environments to be
experienced by this structure, it is anticipated that the design and
analysis tasks will be of major proportions, probably greater than the
thrust structure design task.

The main stage tunnel and duct design tasks and the structure assembly
design tasks should be equivalent to similar tasks on the S-IC.

The injection stage will use a manifold-sump system for feeding pro-
pellants to the engines. 60,000 manhours each were estimated for the
design tasks for tunnels and ducts and for injection stage structure
assembly.

The propulsion and mechanical systems for the study vehicles will be
similar to those on the S-IC; therefore, it was assumed that the design
tasks will be of the same magnitude.

Incorporation of the automatic test and checkout system will increase
the complexity of the electrical system over that of the S-IC.

The increased functions to be performed by the automatic test and
checkout system will require more design manhours for the increased
vehicle instrumentation,




3.2.1 (Continued)

17. The stage flight time will be increased, thereby requiring a longer
life~-span of the flight control system. It is estimated that double the
S-I1C design manhours would be required.

18. System assembly design and interface control design tasks should be
similar to those on the S-IC.

19. The alternate forward skirt must be capable of reacting the loads of the
SRM strap-on stages. The strap-ons will produce complicated load
paths, dependent on the number used, and will require considerably
more engineering design and analyses than the standard forward skirt.

The SRM subcontractor will design, develop and manufacture the solid rocket motors.
The prime contractor will be responsible for the overall stage design and will design,
develop and manufacture the SRM attach structures, the nose cone, and the forward
and aft skirts. SRM stage assembly and post-assembly tests will be the responsi-
bility of the SRM subcontractor,

~able 3.2.1.0-II shows the manpower requirements for the initial design of the strap-
on stages. Estimates for the SRM's were provided by Aerojet General Corporation

in terms of dollars,which were then converted to manhours. Design hours for the
attachment structures and nose cone were obtained from the results of a prior study,
e.g., ""Saturn V Vehicle with 260-Inch Diameter Solid Motor Study, ' NASA Contract
NAS&-21105. These prior inputs were developed by the Boeing -Michoud Manufactur-
ing Organization.

Table 3.2.1.0-I: INITIAL DESIGN ENGINEERING MANPOWER SUMMARY
FOR STRAP-ON STAGES, AMLLV AND MLLV

MA NHOURS
MLLV AMLLV
SOLID ROCKET MOTOR 152, 000 160,711
(INCLUDING TVC)

NOSE CONE 13, 340 13,340

FORWARD ATTACHMENT SKIRT 30,740 30,740

AFT ATTACHMENT SKIRT 8,700 8,700
FITTINGS 5,220 5,220 .
TOTALS 210, 000 215,711 l
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3.2.2  Manhours for Design Support of R&D Program (Inputs for ''B" Costs)

The engineering support of the R&D program was broken down into three categories:

a. Manpower to plan and monitor the R&D tests. This manpower could not be
specifically separated from the design activity and is shown in Section 3.2.1
above ;

b. Sustaining engineering manpower to support production of test articles. This

manpower is allocated to specific test specimens in the subsequent Develop-
ment and Test Plan, Section 4.0.

C. Engineering manpower to conduct R&D tests. This manpower is allocated to
specific tests in the subsequent Development and Test Plan.

3.2.3 Manhours for Sustaining Engineering (Inputs for "C'" Costs)

Sustaining enginecring manhours for the main stage, injection stage, and strap-on
stage attachment structure and nose cone were estimated using the same ratio

of sustaining engineering to the initial design engineering as that experienced

on the S-IC program. This sustaining engineering was further broken down as follows:

Design and Development 85.1%
Reliability 1.8%
Logistics 13.1%
Total Sustaining Engineering 100.C%

Sustaining engineering hours for the SRM and other strap-on stage components were
provided as a direct input in terms of dollars from Aerojet General Corporation.

These dollar estimates were factored into marhour estimates using average labor rates.
No significant diffe-ence in the sustaining engineering effort between the MLLV and
AMLLV could be determined; therefore, the following manhours summaries are
generally applicable to both vehicle programs except as noted.

Tables 3.2.3.0-I through 3,2.3.0-III show the sustaining manhour summary for the
main stage, the three module injection stages and the SRM strap-on stages respectively.
The sustaining engineering estimate for the SRM's and SRM stage assembly is based

on 24 stages per year for the AMLLV program and 16 stages pci year for the MLLV
program,
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Table 3.2.3.0-I; SUSTAINING ENGINEERING MANPOWER SUMMARY
FOR THE MAIN STAGE - AMLLV AND MLLV

SYSTEM MANHOURS
STRUCTURES 143, 000
FORWARD SKIRT 2,000
ALTERNATE FORWARD SKIRT 6, 000
THRUST STRUCTURE 17,000
LHo TANK 25, 000
LOX TANK 45,000
(Including Common Bulkhead)
BASE PLUG 30,000
TUNNELS 18,000
PROPULSION AND MECHANICAL 71,000
ELECTRICAL 35,000
INSTRUMENTATION 81,000
FLIGHT CONTROL 14,000
ASSEMBLY 103, 000
STAGE TOTAL

447,000
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Table 3.2.3.0-IlI: SUSTAINING ENGINEERING MANPOWER SUMMARY
FOR THE SRM STRAP-ON STAGES - AMLLV AND MLLV

SYSTEM AMLLV MANHOURS | MLLV MANHOURS
STRUCTURES 21, 000 21, 000
NOSE CONE 5,000 5,000
FORWARD ATTACHMENT 7,000 7,000
SKIRT
AFT ATTACHMENT SKIRT 4,000 4,000
FITTINGS 5,000 5, 000
SRM's AND STAGE ASSEMBLY 7,409 7,028
STAGE TOTAL 28,409 28, 028
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4,0 DEVELOPMENT AND TEST PLAN (R&D and Recurring Tests)

This test plan is applicable to both the full size (AMLLV) and the half size (MLLYV)
programs. Differences in resource requirements due to variation in sizes of speci-
mens, equipment, load requirements, etc., are noted in applicable discussions.

This tesi plan was developed from inputs from Boeing and NASA organizations cur-
rently performing similar activities for the Saturn V/Apollo program, These inputs
were developed considering the current test philosophy for the Saturn vV /Apollo systems.

Prior to the presentation of the Test Plan, test philosophies, ground rules and assump-
tions are outlined and discussed (Section 4. 1). Supporting charts define and illustrate
the test program constraints and requirements, from program go-ahead through final
flight tests.

This test plan is then subdivided into two major sections to facilitate identity with the
cost categories established for the costing analyses, i.e.:

Section 4.2 - Development and Qualifications Tests -
Applicable to "B cost category

Section 4.3 - Manufacturing and Operations Tests -
Applicable to "C" cost category

These two major categories are then further subdivided as shown below:
a. Development and Qualification Tests (Non-Recurring Tests)

Model Tests

Manufacturing Mock -Up

Facility and GSE Shakedown, "F Bird"
Component and Subassembly Development Tests
Breadboard Tests

Static Load Tests

Dynamic Tests

Engine Development and Qualification Teste
SRM Stage Development and Qualification Tests
Static Firing and Flight Tests

Ground Support Equipment (GSE) ;

b. Manufacturing and Operations Tests (Recurring Tests)

Acceptance Tests
Receiving Tests
In-Process Tests
Manufacturing Checkout

Static Firing Test

Prelaunch Test and Checkout .
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4.0 (Continued)

S+ edules for accomplishment of the various tests are shown, where necessary to
support the text, in the discussion of the specific tests., General test schedules, keyed
to the overali program schedule are shown in subsequent Section 8. 0,

4,1 TEST PHILOSOPHY, GROUND RULES AND ASSUMPTIONS

General overall philosophy, ground rules and assumptions are discussed in the next
subsection. Subsequent subsections discuss major test categories and the applicable
specific philosophies, ground rules and assumptions,

4.1.1 General

a, Tests will be planned for the various generation levels of hardware. Particular
emphasis will be given to interactions at higher levels,whick are not seen at
lower levels ;

b. Cognizance will be taken of previous testing of subassemblies of subsystems.
These tests will not, in general, be duplicated at higher assembly levels.
Subsequent testing will cover primarily areas of new and/or increased re-
quirements ;

C. Maximum utilization will be made of existing facilities ;

d. Tests will be conducted to the maximum extent practicable under mission
environments ;

e. Assemblies and other lower levels of hardware that are vital to the life of
the crew will be tested in sufficient number to yield a significant level of
engineering confidence. Also, the state _of -the-art (or uncertainty) associated
with certain hard vare will require larger numbers of test specimens and more
extensive testing in depth ;

f. All tests on systems, subsystems, major assemblies and components, and
special items designated by the NASA Centers will be monitored and re -iewed

by cognizant Center personnel ;

g, Ground tests will be utilized to minimize the number and cost of development
flight tests required to produce reliable operational systems ;

h. Data from all types of tests will be used for reliability assessment ;

i. All flight hardware must be qualified and receive a Certification of Flight
Worthiness before flight test.
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4,1.1 (Continued)
The Test Program will be developed within the frame of the Program Plan and in
accordance with the applicakle program constraints of subordinate planning documen-

tation in accordance with Figure 4,1.1.0-1,

'The four major test categories are:

a. Design and Development Tests;
b. System/Subsystem Tests;

Co Qualification Tests;

d. Production Tests.

Table 4, 1,1, 0-I shows the vehicle components and support equipment test requirements
in each of the major test categories. The objectives and constraints for each test cate-
gory are discussed in the following paragraphs:

4,1,2 Design and Development Tests
Design and Development Tests consist of two general categories, 1.e.:
a. Feagibility and Configuration Selection Tests — materials and process selec-

tion tests, material strength tests, thermal gradient tests and other tests
determined necess-.:'y to select an optimum configuration;

be Design Evaluation Tests — wind tunnel, structural static, dynamic, acoustic,
cte., tests as required to assure that the basic design assumptions and param-
eters are adequate and that design engineering can be finalized and released.

The development test program does not include the design support tests required by
engineering to produce a vehicle design.

The general objectives of the Design and Development Test Program are as follows:

a, Measure and assess the accomplishment of development objectives;
b. Ensure that systems and equipment meet established requirements;
C. Obtain a true indication, forecast, or verification of the actual performance

capabilities of any given system, subsystem, or item of equipment in as
realistic an operational environment as practicable;

d. Idertify operational and engineering deficiencies in time for changes to be
incorporated before significant production buildup. Ensure that changes to
operational equipment meet the required objectives, or that necessary trade-
offs are identified;

€. Provide data for operational analyses and for application to 1) current and
future systems and 2) system studies;
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4,1.2

io

j.

O.

(Continued)

Verify the overall logistic capability, scope, and effectiveness as prescribed
by appropriate support procedures, plans, and planning factors, developed
concurrently with system evolution. Acquire and evaluate data to:

1. Verify and refine logistic procedures, plans, and planning factors,
2. Enhance prospective support planning,

3. TIdentify areas which will require additional impetus to ensure integrated
effective system(s) logistic support.

Assess identified manpower, space, and personnel resources necessary to
support systems and equipment;

Validate training and training programs;

Obtain data and evaluate safety and reliability of systems, subsystems, or
items of equipment in severe and abnormal environmests such as fire,
lightning, explosion, severe impact, extreme pressure or temperature
changes, radiation, electromagnetic radiation, or combinations of these
conditions;

Determine the performance, reliability, and integrity of individual Govern-
ment Furnished Equipmerni (GFE) in the environments imposed by this system;

Identify the preliminary performance, operating characteristics and qualitative
adequacy of the system, subsystem, and end items;

Determine the preliminary compatibility, adequacy, supportability, reliability,
and electromagnetic compatibility of associated ground equipment (AGE),
training devices, ground communications -electronics 1meteorological equip-
ment, commercial ground communications -electronics, computer equipment
and programs;

Determine the preliminary maintainability and transportability characteristics
of components, subsystems and contract end items;

Determine the preliminary validity of personnel and training planning informa-
tion. This information is used for personnel skill identification, development
of manning documents, training, training equipment requirements, and addi-
tional requirements to ensure personnel and training support. When feasible,
formal training will be evaluated by applicable procedures;

Estatlish the preliminary identification and investigation of safety criteria for
the system, subsystem, and any necessary safety programs, before initial
operational capability is established, This should include testing in predictable
operational environments;
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4.1.3

(Continued)

Define the data necessary for preliminary system operating procedures,
handbooks, technical manuals;

Determine the adequacy of new design or updating changes;

Determine the adequacy of preliminary health hazards data and precautionary
information;

Define the procedures for the prevention of and recovery from potentially
catastrophic situations;

Determine the preliminary vulnerability/survivability characteristics of
components and subsystems in extreme environments.

System/Subsystem Tests

This program consists of testing and evaluation spanning the integration of subsystems
into a complete system, and development tests of the completed system in as near an
operational configuration and environment as practicable. Suitable instrumentation
will be employed to determine the functional capability and compatibility of subsystems.
The minimum test requirements are:

Use of hardware representative of flight hardware;
Use of GSE representative of equipment to be used at the launch site;

Retest when significant hardware changes are made which invalidate results
of previous tests.

Systems tests may be a combination of development test and ground qualification test.

The system/subsystem tests will be conducted to:

a,

Determine that the system contract end-items meet established requirements
and specifications for performance, control, maintenance, safety, and relia-
bility;

Define the operational configuration;

Determine, develop, and test updating changes that are necessary to meet
approved performance requirements;

Determine that the subsystems within stages and modules are physically and
functionally compatible;
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4,1.3 {Continued)

e. Determine the functional compatibility between stage and module subsystems
and the ground support equipment;

f. Refine logistic procedures and policies;

g, Verify required technical data. This term is interpreted in its broadest
scope, and includes prints, drawings, handbooks, manuals, technical docu-
ments, and other related publications;

h. Evaluate new design changes, including computer programs before they are
incorporated into the production system;

i, Determine system capabilitizs, limitations, safety characteristics, and
vulnerability /survivability characteristics under actual or simulated opera-
ting conditions by ground and fliglt tests (as appropriate). These tests are
designed to yield both engineering and technical manuai data;

je Provide familiarization, experience, and training to supporting operating
personnel;
k. Demonstrate with trained personnel, authorized equipment, spares, and

technical data, that the complete sy stem is operable, maintainable, and
transportable (as appropriate);

1, Verify that personnel performance is adequately supported by training dcvices,
equipment design, tools, technical data, job environment, training, personnel
selection criteria, manning, and organizational control proccdures;

m, Demonstrate that the system will perform in its intended environment without
degrading itself or other systems.

Test and Evaluation will not be considered completed until performance requirements
as definad in the system performance/design requirements specification and associated
contract end item specifications have h=en met, and it has been demonstrated that the
system can be operated and maintained using authorized equipment, trained persornel,
preliminary system operating procedures and technical data.

4.1.4 Qualification Tests
The Qualification Program is required to verify that the space vehicles and acsociated
ground support equipment meet design specification requirements necessary to assure

operational suitability at anticipated environments for their use cycles.

Minimum qualification test requirements are as follows:
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4,1,4 (Continued)

a, Ground qualificatiea tests and specific ground tests shall be performed on a
sample of flight type production hardware in accordance with the preceding
Tabie 4.1.1.0-T;

b. All tests specified in the preceding Table 4,1.1,0-I will be successfully com-
pleted on mission critical ground support equipment. Such successful com-
pletion will comprise the qualification of the ground support equipment;

C. Certain special tests such as burst tests to verify ihat hardware does not
fail below proof limits shall be performed as required to assure operational
safety.

Acceptance tests through manufacturing checkout shall be performed on hardware
prior to its being subjected to qualification tests. The acceptance tests shall be identi-
cal to the acceptance tests performed on flight hardware or operational GSE,including
the vigorous inspection imposed thereon, Additional qualification test time (or cycles)
will be accumulated on test spe. imens te account for ‘.1t portion of the finctionsd life
cycle to be encountered during acceptance tests prior to mission use.

Qualification tests shall be performed on production hardware under strict control of
environments and procedures. Revisions to precedures, adjustments, or tuning is not
permissible during the course of a test unless it is normal tc the in-service operation,
If such action becomes necessary, the test specimen shall be disqualified pending cor-
rective action, Hardware that has been subjected to ground qualification tests shall
not be utilizea on flight vehicles. It may, however, be utilized for reliability demon-
stration tests. The qualification test report chall state the disposition of the qualifica-
tion units,

Any failure of test specimen shall disqualify ihe entire class of hardwarve (all items

of hardware made to the same specifications and intended for the same specification

as the qualification hardware). Where a failure occurs, hardware or procedural
changes shall be introduced into all test hardware and the qualification test shall e
reinitiated., However, if the cause of failure is a quality defect which can be detected
by a nondestructive inspection, then those units of the sample which have already been
tested without failure ne=d not be retested., Nevertheless, all units must perform with-
out failure, including tke retested units for which defects have been corrected. In the
above cases, extreme cautioa shall be taken to assure that these changes and correc-
tions are -.ade to all units ir the class and that such action will not degrade the units.

{{ardware shall be subjected to requalification tests:

a. When design or manufs ~turing process changes have been made which affect
functioning or reliability,

b. Where inspection, test, or other data indicate that a more severe environment
or operating condition exists than that to which the equipmernt was originally
tested;
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4.1.4 (Continued)
Co When the manufacturing source is changed.

Qualification tests consist of four types of tests, 1.e,:

a, Performance Tests;
b. Environment Tests;
Ce Reliabiliiy Tests;

d. Flight Proof Tests.

Performance Tests will be performed to prove compliance with performance specifi-
cations. Typical testing in this category shall be tests which require hardware func-
tioning before, during, and after application of dynamic loading and acoustics; static
testing in both destruct and nondestruct categories; RFI, and electromagnetic inter-
ference tests; ete.

Environment Tests shall be performed to prove compliance with specified environ-
mental criteria, Typical testing in the category include humidity, sand, dust, salt
spray, temperature, etc,

Reliability Demonstration Tests will be conducted to establish a significant level of
engineering confidence in the reliability of the hardware. Reliability Demonstration
Tests will be performed on flight type hardware in accordance with the prior Table
4,1.1,0-I, These tests will be a continuation of qualification tests to verify the life
expectancy, with the addition of over-stress tests as necessary to determine failure
modes and safety margins.

The reliability test is a section of the qualification test conducted on equipment under
conditions as closely approximating service conditions as practicable.for the pur-
pose of eliminating gross design deficiencies.

The overall reliability test program shall be established utilizing a carefully prepared
evaluation of environment and performance with respect to vehicle operating time,
cycles, etc., for the anticipated usage of the particular equipment. The tests shall
be designed to simulate as closely as practicable the operation of the equipment in
service. Where possible, combined environments shall be used in performing the
tests, Where overloads or other extreme conditions are actually expected to occur,
tests for these conditions shall be included but only to the minimum extent required.

Reliability testing shall be limited to the testing of those requirements which are either
critical to the operation of the equipment,or which will reveal the maximum informa-
tion about the performance of the equipment in service, The mean time (or cycles)
between failure desiyn objective will be confirmed to a varying degree dependent upon
the particular tests which are defined in each specification. In some cases, results

of tests other than the reliability tests can be used as evidence of meeting the relia-
bility objective.
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4,1,4 (Continued)

Flight test will be the final demonstration of the airborne system compliance with the
system specification. The flight test program is discussed in detail in Section 7.0 of
this document,

4,1.5 Production Tests
Production Tests include:

a. Test firing (static firing) each stage to demonstrate acceptability of the
stage-engine combination;

b. Prelaunch checkout to verify readiness for operation;

C. Verifying that the delivered product is manufactured g :r drawing and
specification and will operate within acceptable tolerances.

Factory and prelaunch test ard checkout should be accomplished as much as possible
by on-board test and checkout equipment reporting to a ground-based computer.

An on-board test and checkout computer may also be required. The demands of a
vehicle of this size and type of mission dictate that all flight and checkout equipment
necessary for successful launch and mission accomplishment be redundant.

4,1,6 Test Category Relationship to Specific Type Tests

The four major test categories defined above are not readily discernable in an overall
test plan,as the specific test requirements for a major test category are often com-
bined with those of another major category to define the test requirements for a
specific type test. Similarly, a specific type test may be applicable to all of the test
categories at some time in the program. For example, initial static firing tests of the
assembled stage are applicable to the Development and Qualification Test Categories,
while later firings are applicable to the Production Acceptance Test category.

Because of the above test program interactions and iterations and because of the re-
quirements for this study to determine both nonrecurring and recurring test costs
attributable to the component level, subsequent paragraphs will discuss specific type
tests rather than test categories,

4,2 DEVELOPMENT AND QUALIFICATION TESTS

Development tests are performed to assure the proper functioning of the components

of the system. Specific test objectives include: determination of feasibility of design
approach, evaluation of hardware performance under simulated or actual environmental
conditions, and evaluation of hardware failure modes and safety factors,

Qualification tests are performed to verify that the vehicle and ground support equip-
ment conform to the design specifications. The specification requirements are neces-
sary to assure operational svitability.
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4,2 (Continued)

Sections 4.2.1 through 4.2.11 provide descriptions of specific iests or test categories,
Resource requirements for each of the specific tests or test categories are given,

where possible, in terms of 1) the facility equipment and tools required for the testing
activity, and 2) the manpower, materials and test specimens required during the course
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of the testing activity.
4,2,1 Model Tests

Models will be used in wind tunnel tests to investigate the aerodynamic characteristics
and dynamic behavior of the AMLLV/MLLV under laboratory conditions.

4,2,1,1 Test Description

Force Model Tests — The purpose of these tests will be to ascertain range safety
acrodynamics after inflight destruct, by checking the aerodynamic characteristics of
models of selected fragments of the liquid stages and solid motors.

AMLLV/MLLV Base Heating Model Tests — Supersonic and transonic tests will be
conducted. The tests will include heating and pr.ssure measurements in the base
region for the range of possible configurations and anticipated flight environments.

Separation Tesis — These tests will investigate the aerodynamic characteristics and
dynamic behavior during separation of the 260" SRM strap-ons from the main stage,
and the separation of the main stage from the injection stage.

Performance Characteristics of Various Vehicle Combinations — Model tests will
determine aerodynamic performance characteristics of possible vehicle configura-
tions within the vehicle family.

4,2,1,2 Resource Requirements

The assumption is that adequate facilities already exist for the conduct of the model
tests to develop the required information for the AMLLV/MLLYV programs, It is
anticipated, therefore, that costs for these tests will be based on procurement of the
models and occupancy time at the test facility. The required resources (costs) for
the AMLLV and MLLV programs Lould be identified.

Based on prior test experience, the following estimates were made:

Single-Stage-to-Orbit Vehicle Model Tests - $600, 000

Additional Model Test Costs Attributable
to Adding Injection Stage - NONE

Additional Model Test Costs Attributable
to Adding SRM Stages - $400,000
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4,2.1,2 (Continued)

These estimates represent the total cost to the program for the model tests. No costs
were attributed to the Instrument Unit (I U ).

4,2,2 Manufacturing Mock-Up

Extensive use of manufacturing mock-ups is planned to aid in the development of main
stage and injection stage manufacturing tooling and techniques. These mock-ups will
be limited to system and subsystem, assembly and subassembly levels because of the
sizes and weights involved. Mock-ups will be provided for the main stage and for the
engine module of the injection stage.

No mock-ups are planned for the injection stage fuel modules or for the SRM stages.
As the vehicles will use a modified Saturn V Instrument Unit, no mock-up will be pro-
vided for the Instrument Unit., The estimates for the MLLV main stage mock-up were
determined to be identical to actuals for the S-IC stage mock-up. The inert weight of
the S-IC stage and the MLLV main stage is approximately the same, and both stages
have relatively the same numbers of different components and subsystems. The esti-
mates for the AMLLV main stage were obtained by multiplying the MLLV estimates
by the ratio of AMLLV main stage production costs to MLLV main stage production
costs,

The estimates for the injection stage engine module mock-up were obtained by taking
25 percent of the main stage mock-up estimates, This ratio was derived by con-
sidering the weight and system complexity differences between the main stage and
injection stage. Miscellaneous costing factors were added to these direct resource
estimates, to define the total test costs shown below.

AMLLV MLLV
MAIN STAGE + « v v v o o o o« o $5,038,000 $3,176, 000
INJECTION STAGE
(ENGINE MODULE) . ... ... . $1,258,00C $793, 000
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4.2.3 Facility, GSE and Tooling Shakedown Tests (''F'' Vehicle)

Production, test and launch procedures, tools, equipment and facilities must be vali-
dated before use. The primary objective is to achieve a state of operational readiness
prior to processing flight stages.

The tests will provide design verification and compatibility of stage systems, GSE,
and facilities to validate and improve technical operating procedures, i.e.:

a. Tunctional test and calibration of tooling GSE, and facilities;
b. Overall checkout to demonstrate compatibility with stage systems;
Co Manual and automatic checkout of individual and integrated systems to

accomplish prefiring checkout and to monitor and control a countdown
and static firing (simulated);

d. Verify stage receiving, transporting and handling equipment and procedures,

A facilities checkout vehicle ("F' vehicle) will be fabricated and utilized to accom-
plish these objectives.

GSE at the factory checkout facility will be as nearly identical as possible to that used
at the static firing facility and for prelaunch and countdown. The configuration of the
checkout stages will be gererally identical to flight stages. The "F'" checkout stage
will be of flight configuration size and contain stage systems sufficient to support a
facility validation test regime short of an engine test run.

Component level testing of GSE (and GSE instrumentation calibration) and basic facili-
ties checkout,or other special testing,will have been completed prior t¢ introduction
of the "F" vehicle,

4,2.3.,1 Test Description

Factory Checkout — The factory facilities include all those facilities, at whatever site,
required to produce vebicle components, subassemblies and assemblies, Production
of the "F" vehicle components will serve as the test of the suitability of the designated
procedures, tooling, equipment and facilities to produce compatible vehicle compo-
nents. These facilities will include those necessary test cells required for delivery

of acceptable components and assemblies, and those elements required for handling
and transportation. Validation testing of the factory will start with a functional test
and a preliminary verification of calibration procedures and proceed through fabri-
cation, test and delivery of vehicle hardware.

The components, subassemblies, assemblies, etc., will be incorporated to make up
the individual stages of the ""F'' vehicle, Transportation and handling equipment will
be used (and the procedures verified) to hanule the completed test stages. There

shall then be a physical fit check performed between the completed checkout stages,
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4,2.3.1 (Continued)

the facility, and GSE. A stage individual systems check shall be performed, fol-
lowed by an integrated checkout of facility and stage systems to complete validation
of the facility, GSE, GSE calibration procedures, and stage test procedures. Trans-

portation and handling equipment will be used (and the procedures verified) to remove
the test stage.

Dynamic Test Facility -- The "F' stages, the "F'' instrument unit (IU) and the simu-
lated payload will be used to check out the dynamic test facilities and handling equip-
ment for forns, fit and operability. (SRM stage loads will be simulated by vibrational
loading at the SRM stage attach points to the core stage, so that SRM stages are not
needed.) Assembly and handling procedures will be prepared to evaluate vehicle
handling and assembly methods using the "F'" stages for vehicle assembly, Particular
care will be used to ensure that these procedures are fully coordinated with all or-
ganizations involved in planning stage and vehicle handling, and assembly.

Static Firing Facility Checkout (Launch Facility) — The launch complex will be adapted
for stage static firing tests as well as vehicle launch, Using the "F'" stages, manual
and automatic pre-firing checkout, and a countdown and static firing (simulated) of

the checkout stage will be accomplished.

validation testing of the static checkout facility (launch racility) will start with a func-
tional test and calibration of GSE, facility, and technical systems at the subsystem
level, Stage substitutes will be used to perform a complete stage systems check,
followed by an overall checkout of the test complex to verify compatibility between
facility and stage systems., Transportation and handling equipment will be used

(and the procedures verified) to install a test stage. Connection will then be made to
the stage pneumatic, fuel and hydraulic lines, electrical power, and data acquisition
equipment. A stage-to-test-stand fit checl: will be performed to verify compatibility
between GSE, test stand, the stage and each other. The test and checkout equipment
will then be used to manually and automatically perform a stage individual and inte-
grated systems check, followed by a countdown and a simuiated static firing

of the test stage. Data will be reduced aud evaluated to establish validation of the
launch complex te process flight stages through the static firing phase.

Costs of the ""F" vehicle test and checkout program at the dyramic test facility will be
allocated to the dynamic test facility activation, Paragraph 4.2.7 describes and dis-
cusses the dynamic test program.

Launch Complex Checkout — The checkout of the Launch Complex will afford the most
comprehensive test attainable on the AMLLV/MLLV program, short of vehicle flights.
Significant flight hardware, GSE, procedures, personnel, organization, and support-
ing services will be integrated for the first time as an operational entity, and proved
under conditions closely simulating prelaunch activity and environment. The complex
will be in its operational configuration for the subject checkout., The primary objective
of the launch complex checkout will be to achieve a state of launch complex operational
readiness to receive, process, launch, and support flight for the vehicle, A descrip-
tion of the launch complex appears in Section 7.0,
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4,2,3.1 (Continued)

The preceding static firing checkout and verification of facilities and equipment will

’ already have accoraplished the intent of a portion of the following test requirements,
This test is a continuation of design verification of the launch vehicle systems and
structure and will:

a, Verify that GSE and facilities provided for AMLLV/MLLYV ground operations
are physically and functionally compatible with the Jaunch vehicle and with
each other;

b. Verify that GSE is compatible with range tracking, guidance, telemetry, and
safety systems;

Ce Verify that the complex ground communications are compatible with range
networks;

d. Verify that operational procedures are adequate to support prelaunch opera-
tions;

€, Monitor and evaluate operational integrity of launch vehicle systems under

simulated operational conditions;
f. Train and qualify technical personnel to support prelaunch operations;

g Evaluate and improve supporting services attendant to vehicle processing,
including logistical support.

Complex checkout will duplicate flight vehicle and facility processing planned for pre-
launch and launch operations as closcly as possible. Test procedures for prelaunch
operations will be used to perform complex checkout operations. Procedural devia-
tions necessary to accommodate test peculiarities of complex checkout will be identi-
fied as such within the test procedures.

[EIREIY Y

GSE hardware will be tested aad retested, if necessary, until this equipment is
acceptable for support of the first flight vehicle; however, retesting for purposes of
improving procedurcs will be avoided.

The facility checkout vehicle ("F" vehicle) will arrive at the launch complex in indi-
vidual, but complete, stages.

All hardware on the facility checkout "F'' vehicle which is of flight configuration will
be treated as though it were installed on a flight vehicle. This treatment will include
protection from abuse, prescribed maintenance, configuration control, and monitor-
ing for design adequacy.

, Complete instrumentation calibration on all GSE is a prerequisite for GSE Readiness
i Tests. All real time displays shall be calibrated on site. End to end calibration will |
be conducted if possible.
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4,2,3.2 Resource Requirements

The Facilities Checkout Vehicle ('F'' vehicle) will consist of a main stage and a
simulated payload with an instrumert unit plus injection stage module(s) and/or an
inert SRM stage where applicable, All liquid stages of the vehicle will have pro-
pellant loading capability, stage mating interfaces, and the structural integrity re-
quired for erection and fueling. The exterior of the vehicle will include those flight
configuration geometries which require specific physical clearance from facilities
and GSE. The dry weight and C.G. of the ""F" vehicle and the individual stages will
be within 10 percent of flight configuration.

The configuration of the "F'" vehicle will limit its capacity to checkout the Launch
Complex to evaluation of the following functions:

de Stage and vehicle handling equipment and procedures;

b. Propellant loading equipment and procedures;

Ce. Pneumatic servicing equipment and procedures;

d. Launch vehicle mechanical and physical compatibility with launch complex

facilities and GSE.

This vehicle will be ussembled from facility checkout versions of the various stages
in the same manner as flight vehicles will be assembled. Deviations from the flight
article designs of the various stages and IU will be as follows:

a. nF" vehicle Main Stage - This stage will not include:
1. Heat shield curtaius,
2, Fue. feed lines,
3. Engines,
4, Engine heat exchangers,
5. Hydraulic system,
6. Live ordnance.

Oxidizer feed lines will be limited to those required for fill and drain, Dummy en-
gines, dimeusionally and weight simulated, will replace the flight engines. The elec-
trical systems and components will be limited to those required for propellant ser-
vicing, pressurization and environmental control system operation, Dummy ordnance
items will replace the live ordnance,

Insirumentation on the stage will be confined to measurement of specific parameters
on the pneumatic service system and environmental control system.

b. nFr Vehicle injection Stage - This stage will not include:
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4,2,3.2 (Continued)

Oxidizer feed lines and prevalves,
Fuel ized lines and prevalves,
Chilldown purge system,

Heat shield,

Flight engines,

Heat exchangers,

Hydraulic power system.

e

°

DU W
.

e

This stage will be equipped with that portion of the flight electrical system required to
operate control pressure, fuel pressurizing, propellant fill and drain, oxidizer pres-
surizing, and propellant utilization., Dummy ordnance items will replace live ord-
nance,

Co "FY Vehicle Instrument Unit - The Instrument Unit will not include:

1, “lecharical components except umbilical plate,
2. Flight type electrical components,
3, Flight instrumentation.

d. Simulated Payload — The spacecraft will be a flight-similar mockup.

e, SRM Stage — One solid rocket motor stage (lnert propellant) will be pro-
vided to checkout SRM transportation and handling equipment, and the launch
pad SRM handling and assembly operaions.

Elimination of the "F'" vehicle would not substantially reduce the resource require-
ments for checkout of the procedures, tooling, GSE and facilities. These activities
would still be required. The "F' vehicle is essentially a tool for accomplishing
these tests.

Factory Checkout — The resource requirements for facility, GSE and tooling check-
out were estimated as follows. As the facilities, equipment and tooling required for
the "F" vehicle will also be required for production and launch of operational hard-
ware, no requirements for these elements were attributed to these tests.

The manpower and material estimates for manufacture of the main and injection
stages of the "F'' vehicle were obtained from the first unit production estimates for
the various stage elements (Section 5.0), For example, the estimates for the "F"
vehicle main stage were assumed to be equivalent to the requirements attributable to
production of one set of operational main stage structure plus one-fourth (1/4) set of
main stage systems, Costing factors were applied to these estimates to define the
total costs for checkout of the manufacturing facility, GSE and tooling. Costs for the
inert SRM were estimated from first unit production costs, assuming re-use of R&D
hardware. The resulting costs for manufacture of the "F" vehicle components and
the checkout costs for the manufacturing facility, GSE and tooling are shown below:
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4,2.3.2 (Continued)

AMLLV MLLV
Single-Stage-to-Orbit -Vehicle Configrration $55, 054,000 $40,993,000
(With Payload and IU)
Additional Requirements for Injection $13, 041,000 $9,752,000
Stage (Engine Module)
Additional Requirements for SRM Stage $10,215,000 $7,093,000
(1 Dummy) (Includes Requirements for
Larger Payload Shroud and for Heavier :
Main Stage Forward Skirt
Additional Requirements for each Add-On $7,644,000 $5,221,000

Injection Stage Fuel Module

{

Dynamic Test Facility Checkout — The requirements for checkout of the dynamic test
facility were charged against the resource requirements for dynamic testing. No

requirements were, therefore, attributed to the "F'" vehicle during checkout of the [
dynamic test facility.

Transportation Checkout — The transportation checkout resource requirements of
the "F" vehicle were defined and combined with costing factors to determine the total
progtam costs for transportation of the "F" vehicle, and checkout of transportation

o

equipment. Below are the "F" vehicle transportation and checkout costs. '
AMLLV MLLV ’
Main Stage :
Barge Maintenance for one ~-half Year $ 45,000 $ 45,000 ;
Towing Services $ 35,000 $ 35,000 !
One-Half Year Maintenance of Land $ 4,000 $ 4,000
Transporter and Tow Vehicle
Injection Stage (Independent of No, of Modules)
Barge Maintenance for one-half Year ¢ 20,000 $ 20,000
Towing Services $ 16,000 $ 16,000
One-Half Year Maintenance of Land $ 3,000 $ 3,000

Transporter and Tow Vehicle
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4,2,3.2 (Continued)

AMLLV MLLV
SRM Stage

Barge Checkout and Transport of $ 17,000 $ 17,000
Set Attach Hardware From Michoud
to Dade County (SRM contractors site)

Barge Checkout and Transport of $12,700 $9,100
Assembled Inert SRM Stage to Launch
Facility

Launch Facility Checkout — The resource requirements for launch facility, GSE and
tooling checkout were estimated as follows. The operations required for "F'" vehicle
nrocessing at the launch facility were assumed to be equivalent to those required for
nrocessing the first flight test vehicle (Section 4.2.10), even though the "F'" vehicle
time at the launch facility is one year rather than nine months, (Manpower build-up
during "F'' vehicle testing was assamed.) The direct estimates for these tests were
combined with costing factors to provide the following total program costs for launch
facility checkout,

AMLLV MLLV

Single-Stage to-Orbit Vehicle Configured With $264,150,000 $246,459,000
Payload and IU

Additional Requirements for Injection $17,260,000 $15,421,000
Stage (Engine Module)

Additional Requirements for SRM Stages $24,291,000 $23,100,000
(1 Dummy) (Includes Requirement for

Larger Payload Shroud, and for Heavier

Main Stage and Forward Skirt)

Additional Requirements for each Add-On $8,994, 000 $7,892,000
Injection Stage Fuel Module

Overall Checkout Costs — Summing the above program costs for factory, transpor-
tation and launch facility checkout provided the following overall costs to the program
attributable to the "F" vehicle.

AMLLV MLL .~

Single-Stage-to-Orbit Vehicle Configured With $319,288, 000 $287, 536,000
Payload and IU

Additional Requirements for Injection $30,340, 000 $25,212,000
Stage (Engine Module)
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4,2,3.2 (Continued)

AMLLV MLLV
Additional Requirements for SKM Stages $34,535,700 $30,219,100
(includes Requirement for Larger
Payload Shroud, and for Heavier Main
Stage and Forward Skirt)

Additional Requirements for each Add-On %16,638, 000 $13,113,000
Injection Stage Fuel Module

Totals for Full Size Vehicles With
3-Module Injection Stages and SRM
Stages (1 Dummy each), $417,439,7C0 $369, 193,100

4.2,4 Componant and Subsysiem Development Tests

In additicn to the major tests (structural, dynamic, flight, etc.) that are discussed
elsewhere in Section 4,2, there will be a large number of other required R&D tests
for vehicle subsystems and components, Development tests of vehicle subsystems
and components must be performed to assure the proper functioning of the compo-
nents of the system, Specific test objectives will include: Determination of feasi-
bility of design approach, evaluation of hardware performance under simulated or
actual environmental conditions, and evaluation of hardware failure modes and safety
factors,

4,2,4.1 Test Description

Component development tests will be integrated throughout the R&D program with
major assembly and system test development programs. This integraied testing
will not, however, preclude the requirement for the development and qualification

of the subsystems and components, It was not possible to define all of tha specific
tests that fall within this category. Resource requirements for this general cate-
gory were estimated in terms of overall program costs by applying historical factors
to the overall costs of producing the first flight article.

The area of acoustics testing will present a definite problem for the large AMLLV/
MLLV type vehicles and is, therefore, treated in some detail below,

Acoustice Testing — Achieving laboratory test noise decibel levels equivalent 1o the
predicted environments of the study vehicles (above 175 db for some components)
will exceed the state-of-the-art for noise generators and facilities.

Structural qualification for very high acoustic levels (above 165 db) can possibly be
accomplished at lower db levels by longer duration tests. This approach was used
on the S-IC fins. Acoustic qualification requirements were established at 169 db,
but the test was accomplished at 163 db.
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4,2,4.1 (Continued)

The following test approach for high level acoustic test for the AMLLV/MLLV compo-
nents and structures is proposed:

a, Choose representative structure or components;

b. Perform low level laboratory excursion tests to determine dynamic response,
strain levels, linearity of response;

C. Fatigue test at maximum level of facility (assuming that it is less than
required) for extended periods of time to assess fatigue strength;

d. Instrument panels and place near a static test firing stand when tests are
scheduled., The appropriate engine and specimen position must be pre-
viously selected,

It is expected that static test of certain engines will provide acoustic levels over 170 db
OASPL with a desirable spectrum shape. "Piggyback tests', as proposed in (d) above,
can provide structural response data on specimens which would ordinarily require
extremely costly special test facilities and noise generator development.

4,2.4.2 Resource Implications

The subsystems and components of the vehicle configurations were identified but not
defined in enough detail to determine the required detailed tests. The test categories
listed above are examples of these unidentifiable tests, and could be extended in con-
siderable detail. The costs for some of these tests are normally included in the pur-
chased price of the subsystems and components. Costs for other of these tests are
incurred at the prime contractors facility or through additional funding to the vendor
for tests at his facility.

Boeing historical data relative to research and development testing of components
and subsystems for other programs, prior to and inclusive of the S-IC program,
were used as a basis for factoring cost estimates for the AMLLV/MLLV program,
The following table shows the resulting total program cost estimates for component
and subsystems tests for the main and injection stages of the vehicle. This table
also shows estimates for the testing of SRM stage components and subsystems as
supplied by Aerojet-General. These latter tests are further detailed in the section
on SRM stage test costs (Section 4.2.9).

AMLLV MLLV
Main Stage $150, 000,000  $120, 000,000
Injection Stage $ 25,000,000  $ 20,000,000

SRM Stage $ 34,684,000 $ 33,037,000
TOTALS $209,684, 000  $173, 037,000
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——r- —_ -




4.2,4.2 (Continued)

The relationship of component and subsystem test costs, between the AMLLYV and
the MLLV main and injection stages as shown, is the same as the relationship for
production cost between the AMLLYV stages and the MLLV stages.

4,2.,5 System Development Breadboard Facility (SDBF)

The Systems Development Breadboard Facility will provide for extensive testing,
evaluation, and verification of components, subsystems, and systems under ccn-

trolled conditions that approximate those at the launch site.

The primary objectives of the development breadboard will be:

a, To provide for system development and evaluation of computer controlled
checkout of the AMLLV/MLLV Electrical Support Equipment (ESE);

b, To develop and prove checkout techniques, procedures and displays;
To provide a basis for maintainability analysis;
To provide persomnel familiarization and training;

To provide a facility where changes and modifications to the vehicle and
computer controlled electrical support equipment (ESE) may be evaluated;

To design and evaluate many parts of the computer programs required for
the checkout and launch site operations;

Provide support to operational personnel at the launch site by being avail-
able to investigate any problem that may arise after the flight vehicle has
been delivered to the site;

h. Electrical Simulation,

The SDBF will be used to verify the AMLLV/MLLV Automation Plan, and the ade-
quacy of the LVGSE during test operations. All LVGSE allocated to SDBF that is
common to that delivered to the Launch Complex will be representative quality hard-
ware that has met all specified test requirements. When the facility is completely
operational, it will be able to simulate, or be the electrical equivalent of, the follow-
ing systems:

a. The AMLLV/MLLYV vehicle;

b. The interface between the vehicle anc the spacecraft;

Ceo The interface between the vehicle and the Launch Umbilical Tower (LUT);
d. The Launch Umbilical Tower;

C. The Launch Control Center (LCC).




4,2,5 (Continued)

By the inclusion of a Mechanical Automation Breadboard (MAB), the breadboard will
provide for a physical interface with the major mechanical systems and flight stages
involved. In addition to serving as an integral portion of the breadboard, a number
of functions have been identified which will be unique to the MAB portion, i.e.:

a, Proof of the automated mechanical checkout concept;
b. Checkout of the stage-peculiar mechanical GSE;
C. Complete checkout of the malfunction detection system.

4.2.5,1 Test Description

The systems development breadboard as indicated will include launch-oriented
ground support equipment as well as stage systems. (In order for total operation

to closely approximate launch site operation, certain simulators will be required.)
By utilizing flight configuration hardware and GSE, operating in the normal mode,
wherever possible, the MAB will provide the systems development breadboard with
a far more realistic stage substitute than could be obtained through use of simulators
alone.

As a minimum, systems compatibility tests shall provide reasonable assurance
that:

a, Stages, modules and launch vehicle (for the specific configurations to be
flown) are functionaily and operationally compatible (including electromag-
netic compatibility prior to shipment of the first flight stages and modules to
the test site);

b, Stages, modules, or space vehicle are compatible with ground support
equipment (including checkout and calibration equipment) at a manufacturing
plant, static firing test area, and the launch area prior to shipment of the
first flight hardware (for the specific configuration to be flown) to the above
areas,

4,2,5,2 Resource Requirements

Existing facilities at Michoud will be used to house the breadboard. (A new facility
for this activity would cost approximately $750, 000, ) The equipment for these tests
will primarily consist of the elements of vehicle and GSE hardware and/or simulators
that make up the breadboard plus the computer complex,

Equipment costs attributable to the Saturn V breadboard at MSFC are approximately
$70, 000, 000, Operational costs per year are estimated at $4, 300, 000, The half
size MLLV vehicle consisting of the main stage plus a three-module injection stage
less the eight SRM stages is similar in terms of size, quantity and complexity of
subsystems. The anticipated equipment cost and operational cost for this configura-
tion were, therefore, assumed to be equivaient to the above Saturn V approximated
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4.,2.5.2 (Continued)

actuals. To define total operating costs, it was as:umed that the AMLLV/MLLV
breadboard would be in use for five years.

To allocate costs to the various MLLV configuration elements, as shown in Table
4,2,.5,2-1, the following procedure was used. Main stage (single-stage-to-orbit)

i costs were assumed to be eighty percent of the current Saturn V costs. (The main
stage must absorb the major portion of the computer costs.) Ten percent of the costs
were attributed to the engine module of the injection stage., Two and one-half percent
of the costs were attributed to each fuel module of the injection stage. Five percent
of the costs were attributed to the SRM stages.

- AMLLV configuration element test costs were determined by multiplying the MLLV
configuration element test costs by 110 percent.

These costs, as discussed above, are rough estimates. The incorporation of ouboard
test and checkout capability in the vehicle design further adds t¢ the grossness of these

estimates. The costs as shown are believed to be well on the conservative side.

The costs shown represent total program costs for accomplishment of the breadbcard

tests.
TABLE 4.2,5,2-1 BREADBOARD TEST COSTS
AMLLV MLLV

Main (Core) Stage $ 80,520,000 $ 73,200,000
Additional Costs Attributable to Injection 37,937,000 %7,215,000
Stage Engine Module
Additional Costs Attributable to Injection ¢2,519,000 %2,288,000
Stage Fuel Module
Additional Costs Attributable to SRM $ 5,033,000 $ 4,575,000
Stages

Totals (With 2 Fuel Modules) $98,528,000  $89,566,000
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4,.2.6 Structural (Static) Tests

The objective of structural tests will be to determine the ability of the stage struc-
tures to withstand predicted static and dynamic forces which may be encountered in
assembly, storage, transportation, handling, testing, and flight.

Structural tests will be performed on the largest practicable assemblies of structural
hardware for all stages and modules. As a prerequisite, tests of structural details
and component structures will have been completed and evaluated.

The following will be considered in the development of detailed structural test plans:

a. The determination of effects of aerodynamics, cryogenics, winds, thrust,
vibration, and static forces, etc.;

b, The determination of effects of multiple environments on the structure;

C. The determination of safety factors, failure characteristics, and design
limitations by the proper sequencing and application of overstress;

d. The completion of portions of the structural tests that are related to specific
: events prior to the performance of the events such as transportation, static
N test firing, etc.

4,2,6,1 Test Description

Static load test conditions that were considered probable are listed below. This list
should not be construed as a complete list of test conditions required.

a. Main Stage Tank Assembly:

1. "Pneumastatic' Proof Pressure,

2, Cryogenic (LNy - LHg) to Maximum Operating Pressures,

3. Maximum Combined Axial Loads at Cryogenic Operating Pressures,

4, LOX Tunnel and LHy Fitting Loads at Cryogenic Operating Pressures,

5. Lower Bulkhead Iertial Loads with Ambient Water and/or Gas
Operating Pressures;

b. Main Stage Thrust Structure - Combined Axial and Lateral Loads at:
1. Full Core Stage Thrust, 0° Thrust Deflection - Ambient,
2. Full Core Stage Thrust, Full Thrust Defiection - Ambient,
3., Full Core Stage Thrust with Lateral Strap-on Loads,
4, Same as No. 1 above with Thermal Simulation,
. 5. Same as No. 2 above with Thermal Simulation,
.‘L 6, Same as No. 3 above with Thermal Simulation;
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4,2,6,1

Be

4,2,6,2

(Continued)

Main Stage Upper Skirt - Combined Axial and Lateral Loads at:

Full Core Stage Thrust with Holddown,

Full Core Stage Thrust,

Full Strap-On Thrust with Holddown,

Full Strap-On Thrust,

Strap-On Thrust with Critical Strap-On(s) Out;

Ul W N
.

Injection Stage Assembly - Combined Axial and Lateral Loads at:

Full Injection Stage Thrust (0° Thrust Deflection),
Full Injection Stage Thrust (Max.Thrust Deflection),
Full Core Stage Thrust (0° Thrust Deflection),

Full Core Stage Thrust (Max.Thrust Deflection),
Full Strap-On Thrust,

Strap-On Thrust with Critical Strap-On(s) Out;

°© e

S U W=
°

Injection Stage LHg and LOX Tanks:

1. Pneumastatic Proof Pressure,
2. Cryogenic to Operating Pressure;

SRM Stage Attach Hardware:

1, Combined Maximum Axial and Lateral Loads to be Experienced During
Flight,

2, Combined Loads Simulating Load Conditions at Various Flight Times,

3, -Support Loads in the Prelaunch Position.

Solid Rocket Motor Case:

1. Hydrostatic Proof Pressure,

2, Hydrostatic Proof Pressure Combined with Maximum Axial and Lateral
Loads,

3. Support Loads in the Prelaunch Position.

Resource Requirements

New facilities must be provided for conducting the static load testing foar the liquid
stage and the SRM stage hardware. Load tests of the liquid stage hardware and initial
tests of the SRM attach hardware will be accomplished at a new test facility adjacent
to the Michoud manufacturing facility, Hydrostatic testing combined with axial and
lateral load testing of the SRM case and assembled attach hardware will be conducted
at the SRM manufacturing facility,
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4,2,6.,2 (Continued)
The new facilities at the Michoud site are discussed below,

Static Load Test Facility (Ambient) — This facility will provide the capability of re-
acting maximum simulated flight loads on either the thrust structure, upper skirt,
or the injection stage or SRM attach structure (where applicable). Multiple floor
tie-down capability and a movable upper reac*ion head will be necessary to accom-
modate the different heights and loading conditions required for the above mentioned
specimens, ’

Remote Static Load Test Facility (Cryogenic) — This facility will provide the capa-
bility of reacting maximum simulated flight loads on the stage assembly under either
cryogenic (LHy, LNg) or ambient conditions. LHg Supply and disposal systems, water

fill and pressurization systems, gas pressurization systems, and the high density
fluid system will be located adjacent to the facility.

The major test specimens required for the various configuration elements were de-
fined as follows:

Qe Single Stage-to-Orbit (Main Stage):
1, LOX-LHg core stage tank assembly with attached lower thrust struc-
ture, base plug assembly and upper skirt,
2, Separate lower thrust structure with plug and gimbal attachment
fittings,
3. Separate upper skirt (light weight);
b, Injection Stage (Engine Module):

1. One set (LHy and LOX) tanks,
2. One skin structure;

Ce Tnjection Stage (Fuel Module):

1, One set (LHg and LOX) tanks,
2. One skin structure;

d. SRM Stage (Testing at Michoud Facility):

1. Ome set of attach structures,
2, One main stage heavy weight forward skirt;

SRM Stage (Testing at Aerojet):

1. Three sets of attach structures,
2, One SRM case.
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4.2,6,2 (Continued)
C. (Continued)

NOTE: As these tests at Aerojet will be conducted as part of the SRM
development and PFRT test program, they are not discussed
further in this section (see Section 4.2.9).

The above specimens must be structurally complete. They will not include such items,
however, as electrical or hydraulic components. The costs of these specimens to
support this test program were defined as equivalent to the first unit costs of opera-
tional hardware. An additional charge of 10 percent was attributed to these specimens
to cover load testing at the subcomponent level.

Tables 4.2.6,2-1 through -VII itemize the AMLLV and MLLYV resource requirements
attributable to 1) the single stage-to-orbit vehicle, 2) the additional resource require-
ments attributable to static load test of the injection stage (engine module and fuel
modules), and 3) additional resource requirements attributable to the SRM stage.
Each table also shows the resulting total program cnst (after using costing factors)
attributable to the static load test for the main stage, and the additional costs attrib-
utable to the addition of 1) an injection stage, engine module, 2) injection stage, fuel
modules, and 3) SRM solid rocket-motor stages.
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1.2.7 Dynamic Tests

Dynamic tests wiil be conducted to determine the structural and vibrational charac-
teristics of the launch vehicle, including payload, under dynamically simulated
flight load conditions.

The objectives of dynamic tests will be to:

a, Determine the structural dynamic characteristics under conditions simulating
flight dynamics insofar as practicable;

Qualify the hardware to perform within the characteristics determined above:
Determine physical mating compatibility of stages and modules;

Compare dynamic test results with subsequent flight test results for continuous
development of dynamic test techniques and facilities, to assure the highest
possible degree of accuracy in the development and qualification of the vehicle
structure prior to flight.

4.2.,7.1 Test Description

To conduct these tests, structurally complete liquid stages will be provided. These
stages will not include electrical or hydraulic components. Engines and subsystems
will be simulated with appropriately mounted lump masses. SRM stages will not be
provided for these tests. The effects of the SRM stages, where applicable, will be
simulated by providing a programmed input to hydrodynamic shakers attached to the
dynamic vehicle at the SRM stage attach points.

Dynamic tests will be conducted on each of the various configurations that will make
up the vehicle family in its operational status,

The dynamic test vehicle will be assembled to the same configuration as for the flight
mode. The appropriate test specimens will be assembled to make up the desired
configurations. As these tests are nondestructive, test specimens will not be
duplicated. The hardware provided for the dynamic test vehicle will not subsequently
be used for flight hardware.

4.2,.7.2 Resource Requirements

The size of the dynamic test facility required is beyond the capabilities of the Saturn V
facilities. Therefore, a complete new stand wiil be required for either the half size
MLLV or full size AMLLV configuration. The solid motor weights will not be duplicated
for the dynamic tests, but their load effects on the core vehicle will be simulated. The
location of the new dynamic test facility will be adjacent to navigable water at the
manufacturing site.




1.2.7.2 (Continued)

The following is a summary of the type of anticipated equipment and brick and mortar
items costed:

Foundations and earth work,
Super structure,
Architectural finishing,
Mechanical systems,
Electrical systems.

o QL6 oW

The costs were established based on the full size AMLLYV vehicle. The costs for
MLLV facilities as shown, were based on the facilities size reduction and facilities
engineering judgment.

The cost dollar figures given for the facilities include the following phases and
resources of project accomplishment.

Accomplishment
Phase Resource
Concepts and planning Aerospace company
Design criteria A&E contractor
Final design and specifications A&E contractor
Construction General construction contractor
Construction surveillance A&E contractor and aerospace
company
Contract administration Aerospace company

The test equipment costs, as tabulated on the cost summaries, include the required
test equipment, facility type purchasable equipment, and all ground support equipment
except stage handling tools or fittings.

The dynamic test facility and equipment requiremenis will not be significantly affected
by the addition of the injection stage engine or fuel modules as the vehicle diameter
will remain constant, and the overall vehicle weight and height will increase only
slightly.
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4,2,7.2 (Continued)

The equipment and facility requirements will, however, be substantially increased
if SRM stages are simulated. Larger hydrodynamic shakers will be required. The
foundations must be increased to account for the higher loads to be applied. The
dynamic test facility for this application will be a silo rather than an above ground
structure. If the structure were above ground, high, vertical pvlons (concrete)
would have to be provided to mount the shakers for input of loads to the forward
skirt of the main stage.

Equipment costs cover:
a. Estimated delivered cost,
b. Equipment installation,

¢. Equipment engineering support.

The major test specimens required for the various configuration elements were
defined as follows:

a. Single-stage-to-orbit vehicle

1. One main stage assembly with lump mass simulators,
2, Simulated payload with IU;

b. Additional specimens required for injection stage engine module

1. One injection stage assembly with lump mass simulators,
2, Larger simulated payload section with IU;

c. Additional specimens required for each injection stage fuel module - One
fuel module assembly with lump mass simulators;

d. Additional requirements for SRM stage

1. Enlarged simulated payload section with 1U,
2. One heavy weight main stage forward skirt.

The specimens will be structurally complete, but will not inciude such items as
electrical or hydraulic components. Weights, attachments and center of gravity
locations will be simulated. The cost of the above specimens was determined by
using the first unit production costs of similar specimens (structural components)
for the first flight vehicle. Twenty percent was added to these costs to account for
the cost of the lump mass simulators and the costs of the simulated payload and TU.
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4.2.7.2 (Continued)

The "F" vehicle will be used to check out the dynamic test facility. As the dynamic
facility checkout would not be required without the requirement for a dynamic test
program, this operation is charged against the dynamic test costs. The "F'" vehicle
hardware will be available from other operations to perform this checkout, and
therefore was not charged against the dynamic test program costs.

Summaries of the overall resource requirements for dynamic test of the AMLLYV
and MLLV single-stage-to-orbit vehicles (as provided for costing) are shown in
Table 4.2,7,2-1. This chart shows the total resource requirements for providing
the facility, the facility checkout, the test specimen, and for conducting the
dynamic tests. The inputs as shown were subjected to costing factors to define the
total program costs associated with dynamic tests as shown at the bottom of Table
4.2.7.2-1. Tables 4.2.7.2-1I through 4.2.7.2-IV show the additional resource
requirements and costs attributable to the injection stage engine module, injection
stage fuel module and SRM simulation respectively.
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TABLE 4.2.7.2-1 DYNAMIC TEST - AMLLV AND MLLV SINGLE STAGE TO ORBIT

VEHICLE

o AMLLV MLLV
ENGR, MANHOURS (DIRECT FOR TEST) 31,214 200 987e ~ =
MFG. MANHOURS (DIRECT FOR TEST) 549,508 504, 086
TEST MATERIALS $1,477, 000 $1,391, 000
TOOLING INCLUDED IN ABOVE M/HOURS'

& MATERIAL

TEST SPECIMEN $34,383,000  $23,464, 000
FACILITY $7,455, 000 $6, 326, 000
TEST EQUIP, $6,000, 000 $6, 000, 000
INSTRUMENTATION EQUIP, $3,300, 000 $3,300, 000
FAC. & EQUIP. INC LUDED IN ABOVE TEST
CHECKOUT, "F" VEH. MANHOURS AND MATERIAL
FAC. & EQUIP,
MAINTENANCE (9 MOS.) $382, 000 $325, 000
TOTAL PROGRAM COST $66,057,000  $53,104,000
(INCLUDES PRICING FACTORS)
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TABLE 4.2.7.2-11 ADDITIONAL DYNAMIC TEST REQUIREMENTS FOR
INJECTION STAGE ENGINE MODULE

AMLLV

-~

ENGR. MANHOURS (DIRECT. FOR TEST) 17,929

MFG, MANHOURS (DIRECT FOR TEST) 151, 807 119,745

TEST MATERIALS $373, 000 $340, 000

TOOLING INCLUDED IN ABOVE M/IIRS,
& MATERIAL

TEST SPECIMEN $11,073, 000 $7,881, 000
FACILITY $1, 000, 000 $850, 000
TEST EQUIP, NO CHANGE NO CHANGE
INSTRUMENTATION EQUIP, NO CHANGE NO CHANGE

FAC, & EQUIP, INCLUDED IN ABOVE TEST
CHECKOUT, "F" VEH, MANHOURS AND MATERIAL

FAC, & EQUIP,
MAINTENANCE NO CHANGE NO CHANGE

TOTAL ADDITIONAL PROGRAM $15,738,000  $12,000, 000
(INCLUDES PRICING FACTORS)




TABLE 4.2.7,2-TI1 ADDITIONAL DYNAMIC TEST REQUIREMENT FOR ADDING
INJECTION STAGE FUEL MODULE TO INJECTION STAGE
ENGINE MODULE

c . - - AMLLV MLLV

ENGR. MANHOURS (DIRECT FOR TEST)

MTFG, MANHOURS (DIRECT FOR TEST) NO INCREASE OVER ENGINE

MODULE REQUIREMENTS
TEST MATERIALS

TOOLING

TEST SPECIMEN $9,306, 000 $6,706, 000
FACILITY $ 500,000 $ 425,000
TEST EQUIP, NO CHANGE  NO CHANGE
INSTRUMENTATION EQUIP, NO CHANGE  NO CHANGE
FAC. & EQUIP. INCLUDED IN ABOVE TEST
CHECKOUT, "F" VEH, MATERIAL AND MANHOURS

e

FAC. & EQUIP.
MAINTENANCE NO CHANGE NO CHANGE

'"TOTAL ADDITIONAL PROGRAM COST $9,806,000 $7,131,000
(INCLUDES PRICING FACTORS)

93




TABLE 4.2.7.2-IV ADDITIONAL DYNAMIC TEST REQUIREMENTS
FOR SRM SIMULATION

AMLLV MLLV
ENGR, MANHOURS (DIRECT FOR TEST) 19,234 17,900
MFG. MANHOURS (DIRECT FOR TEST) 40, 392 29,916
TEST MATERIALS 93, 000 85, 000
TOOLING MAN HOURS INCLUDED IN ABOVE

AND MATERIALS

TEST SPECIMEN $5,629,000  $3,910, 000
FACILITY $7,000,000  $5,250,000
TEST EQUIP, $10,000,000  $7,500,000
INSTRUMENTATION EQUIP, NO CHANGE  NO CHANGE
FAC. & EQUIP, INCLUDED IN ABOVE TEST
CHECKOUT, "F" VEH. MANHOURS AND MATERIAL

FAC. & EQUIP,
MAINTENANCE NO CHANGE NO CHANGE

TOTAL ADDITIONAL PROGRAM COST $24,104,000 $18,508,000
(INCLUDES PRICING FACTORS)
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4.2.8 Mzin and Injection Stage Engine Development and Qualification Tests

This section describes the development and qualification program of the liquid engine
systems for both the main and the injection stages of the AMLLV/MLLYV vehicles.

The magnitude of the main stage engine program will be dependent upon the type of
engine system used (i.e., the multichamber/plug or the toroidal/asrospike). The base-
line system discussed in this section and subsequently used for costing of the baseline
program is the Pratt and Whitney multichamber/plug engine system. The Pratt and
Whitney high pressure bell engine module can be used both for the main stage and for
the injection stage propulsion. The following test plan {Paragraph 4.2.8,1), thereifore,
is applicable to the engine modules for both of these stages. Paragraph 1.2,8.2 describes
the individual resource requirements for the main stage engine system and for the
engine modules for the injection stage respectively. A development and qualification
program for the main stage toroidal/aerospike engine system was provided by Rocket-
dyne and is discussed in Section 9.0, Resource Requirements for Design Alternatives.

4,2,8.1 Test Description

The following preliminary program plan was provided by Pratt and Whitney. It is
based on the development of a high performance, staged combustion, bell nozzle,
oxygen-hydrogen rocket-engine module rated at a vacuum thrust level within the

100, 000-500, 000 1b. range and having veriable thrust and mixture ratio capability.
The completion of Preliminary Flight Rating Test (PFRT) will be 42 months after
start of the program and completion of an engine Model Qualification Test (MQT) 15
months thereafter., The extent of work necessary to develop the engine module was
based on experience in the RL-10 program, during which 640 engine system tests were
conducted over a 3o-month period from the initiation of design to PFRT.

Component testing will be accomplished prinr to incorporating these items into the
engine assembly. Tests of the flight fuel and oxidizer turbopumps, preburner, main
combustion chamber, two-position nozzle, low-speed inducers, and control system
components will be conducted as early in the program as additional facility and hard-
ware procurement will permit. Continuing component testing throughout the develop-
ment period is planned to establish aind develop component performance and to deter-
mine operational limits of the components within the limitations of the engine enviroen-
ment, These tests are planned to supplement the main effort of flight engine system
development testing.

The engine module program will consist of development testing to achieve the system
operating characteristics, performance, mairtainability, versatility and reliability
commensurate with manned vehicle requirements and to fully explore and resolve the
vehicle/engine interface problems. All engine test stands are designed to permit full -
duration firings of at least 600 seconds. A high percentage of the firings will be con-
ducted for this duration, Eight experimental engines will be active at the time ot the
PFRT. Approximately 700 full -scale engine firings will be conducted prior to the
PFRT. Anr additional 1300 firings, including tests under simulated operational attitude
conditions, will be conducted in the period between the PFRT and the completion of the




4.2.8.1 (Continued)

MQT. Included in these firings will be engine-to-vehicle integration tests that will be
conducted on a test stand designed to simulate the vehicle interfaces. The major pro-

gram milestones ar the overall engine module program schedule are shown in Figure
1.2.8.1-1,

An engine module as defined in the preceding and following discussions relates to the
individual high pressure bell engine assembly which includes a one twenty-fourth sec -
tion of the regeneratively cooled plug plus a gas generator to provide pressurization
gas for the base plug. Twenty-four of these individual modules will be assembled
around the base of the plug to comprise the total engine system. '“he engine module
for the injection stage is the complete engine. (The number of complete engines varies
from two to six depending upon the injection stage configuration, )

No major new engine test facilities will be required, as the engine systems will be
tested by individual module. The first complete test of the assembled main stage
engine system will occur at the first static firing of the main stage as discussed in a
subsequent section,

Component Development

The development program for the major components will include extensive performance
and reliability testing at simulated service conditions. The tests of the fuel turbopump,
oxidizer turbopump, preburner and main combustion chamber injectors, combustion
chamber assembly, end control system elements will be conducted to assure the re-
quired reliability and performance of these components prior to incorporatior. into the
PFRT engine configuration, Tests of the fuel and oxidizer turbopump assemblies wi'l
be conducteu to develop satisfactory operation over the full operating range, with par-
ticular attention to the starting and transient performance. The combustion and igni-
tion systems will be tested to ensure safe, reliable, and repeatable performance
compatible with engine requirements. Similarly, the propellant control and shutoff
valves must be developed to the point wbere required performance and reliability
characteristics have been demonstrated. Con.urrent with the engine test program,

the component programs will be continued to reflect new component design require-
ments as dictated by the results of the engine development program.

Within the overall program, testing of the preburner assembly is scheduled

to establish satisfactory ignition and combustion prior to incorporating in the

flight engine test program. Ignition tests are planned to provide the starting propel-
.ant flow rates. These tests will establish the preburner starting envelope in terms
ol mixture ratio, chamber pressure, and the required propellant flow rates.

Subsequent tests are planned to evaluate performance, endurance, and the response
rates of the preburner system at operating pressures and temperatures. The impor -
tant preburner development milestones, development schedule and parts requirements
are shown in Figure 4.2.8, 1-2,
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4.2.8.1 (Continued)

Utilizing modified flight components, the ignition, start transient, and steady-state
operating conditions will be investigated. The ignition tests will establish the pro-
pellant starting flows and valve sequencing. The steady-state and transient tests will
subject the preburner to the pressures, temperatures, and stress levels simulating
engine operation. The transient testing will also provide an assessment of the control
scheduling required to achieve the desired acceleration and deceleration transients.

Tests to establish the preburner temperature profile are required to assure uniform
radial and circumferential temperature distributions consistent with turbine dura-
bility and performance requirements. Preburner tests will be made over the full
range of engine operation to investigate and establish the combustion stability margin
of the configuration using a pulse gun to trigger a pressure wave during preburner
operation., The effects of inlet pressure, inlet temperature, and mixture ratio on
combustion performance will be established through repeated tests.

Main injector and combustion chamber tests will be conducted by utilizing
both pressurized facilities and the flight engine high-pressure fuel and
oxidizer turbopumps, modified controls, and the preburner to supply

the high-pressure propellants to the main chamber assembly, The

important milestones of the main combustion chamber and injector program
plus the parts requirements are shown in Figure 4.2,8.1<3.

Nonfiring tests of the main injector utilizing water on the oxidizer side and gaseous
nitrogen on the fuel side will be conducted to evaluate atomization and distribution of
the injector configuration. High-speed photogravhy and spray pattern measuring
equipment will be used to evaluate both circumferential and radial flow distribution
prior to actual combustion tests. Internal propcllant flow passage pressure losses
will be measured. Hot firing tests of the injector with heavy duty, uncooled thrust
chambers are planned to evaluate the stability and efficiency of the injector, to con-
firm injector element spacing and propellant mixing characteristics. The tests to
evaluate combustion system performance will be conducted on both pressurized facili-
ties and the flight engine. The susceptibility of the injector and thrust chamber assem-
bly to combustion instability will be evaluated by pulsing the chamber and measuring
the time required for the pressure to decay. The effect of variations of propellant
inlet temperatures, irlet pressure, and mixture ratio on combustion performance
will be ‘ncluded in the test series, Evaluation of alternative injector designs, incor-
porating varying numbers of point sources and different orifice configurations, is also
planned. Long-duration engine tests are scheduled to obtain an endurance evaluation
of the injector mixture ratio profile on chamber durability.

The testing of the cooled combustion chamber will be integrated with development
engine testing. These tests will utilize the regeneratively cooled nozzle assembly to
obtain proper coolant inlet temperature and pressures to the transpiration cooled
combustion chamber, The major objectives of this test program are performance
and the optimization of the cooling flow requirements to be consis:ent with the engine
durability and life requirements. The program will also include the evaluation of
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4,2,8.1 (Continued)

component performance and durability testing over the full operating range of mixture
ratios and chamber pressures. An automatic data recording system will be utilized to
measure combus.ion chamber and propellant pressures, coolant temperatures, and
propellant flow rates to permit calculation of combustion and heat transfer character-
istics in the cooled combustion chamber and regeneratively cooled nozzle section,
Instrumentation will be incorporated in the transpiration cooled wall to measure the
metal temperatures to assess adequacy of the design and establish the operating mar-
gin, An investigation into potential combustion instability of the injector when opera-
ting with the transpiration cooled thrust chamber is also included. Fcrced pressure
oscillations will be established with a pulse gun, and rate of decay of the forced oscil-
lation will be recorded. Nonfiring tests to demonstrate structural integrity of the
thrust chamber assembly will be included. These tests will subject the chamber
assembly to vibration and pressure loading, simulating normal and abnormal engine
operating conditions,

The turbopump program will include testing to further develop the required
performance of the various subcomponents (such as bearings, seals, and thrust
balance systems) as well as extensive performance and endurance testing

of the complete turbopump assemblies under simulated engine operating
conditions. The major milestones of the turbopump development with hardware
requirements are shown in Figure 4.2,8,1-4, ‘

The objective of the fuel turbopump program will be to obtain performance, durability,
and reliability commensurate with engine requirements, Extensive testing is planned
with the complete turbopump assembly as well as with subcomponents such as bearing
and thrust balance rigs. Turbine power will be obtained from heat exchangers as
shown in the schematic of the test facility in Figure 4.2.8.1-5. Propellant supply
lines, which simulate the propellant inlet ducts of the vehicle, will be included in the
facilities to evaluate vehicle system interactions on the engine system and particularly
the low-speed inducers and main turbopumps. The program will include testing of the
fuel low-speed inducer in conjunction with the fuel turbopump. The turbopump assem-
blies will be instrumented to measure propellant flow rates, pressures, temperatures,
rotational speeds, and vibration, 3tarting tests will be included to establish the pro-
pellant inlet conditions required to achieve transient turbopump performance consistent
with engine requirements, Provision for alternative designs of inducers, impellers,
and turbine cooling configurations, as well as alternative materials, will be included
in the program to determine their effect on performance and durability. The planned
subcomponent and complete turbopump assembly testing will permit the determination
and development of the transient performance of the turbopump under simulated engine
operating conditions, as well as provide endurance testing of the bearings and thrust
balance system prior to engine testing.

The primary objectives of the cxidizer turbopump development program will be to
establish the performance, durability, and reliability commensurate with engine re-
quirements, This testing is planned with subcomponent seal, bearing and thrust
balance rigs, as well as with complete turbopump assemblies. Additional tests will
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4,2.8.1  (Continued)

combine the low-speed inducer and simulated vehicle inlet plumbing to obtain an
accurate simulation of the main pump inlet conditions. Turbine power will be sup-
plied by a heat exchanger using gaseous hydrogen as a working medium, A sche-
matic of the test facility is shown in Figure 4.2,8, 1~6 to obtain performance data
during the starting, transient, and steady-state operation, the turbopumps are in-
strumented to provide temperature, pressure, flow, vibration, and speed data.
Starting tests will establish the propellant inlet conditions required to obtain pump
performance consistent with engine requirements. Alternative designs of inducers,
impellers, turbines, and cooling configurations, and alternative materials wili be
evaluated.

The primary objectives of the low-speed inducer development program will be
to obtain the required component performance and reliability, The major milestones

of the low-speed inducer development program with parts requiremerts are shown
in Figure 4.2.8, 1-7,

Water tests of the oxidizer low-speed inducers will be conducted with the flight design
to assure the desired head-flow and suction specific speed characteristics prior to
integrating the inducer into rig and engine tests. Performance evaluations will define
the pressure-flow-efficiency characteristics of the inducers, particularly for the low-
flow high-spced conditions that are required during engine starting, Tests will also
be made to define the sensitivity of the inducer performance to variations in the pro-
pellant inlet conditions. The durability of the flight liftoff seal designs will be estab-
lished through component and engine testing. Cyclic endurance tests to determine the
fatigue life of the bellows assembly will be made. Turbine power will be provided by
gaseous hydrogen for the fuel inducer and gaseous nitrogen for the oxidizer inducer.
The oxidizer and fuel low-speed inducers may be tested with their respective main
pumps.

The Thrust Vector Control (TVC) system for the main stage multichamber/plug
engine system will consist of actuators which hinge the different engine modules

to provide the lateral thrust vector. The lateral reactions from this type of system
can be analytically determined with reasonable accuracy. ( The toroidal/aerospike
engine system, however, will use injection of liquid oxygen about the base of the
plug to provide the necessary lateral force. This type of engine system is
dependent upon specific configuration layouts and its performance is more
sensitive to altitude effects. Anticipated lateral reactions as a function of injectant
flow are difficult to determine analytically for the overall flight regime.) As no
test facility will be pravided for conducting tests of the overall main stage engine
svstem and its associated TVC over the altitude range that will be encountered :n
flight, the first operational test of the thrust vector control system will be in
conjunction with the first R&D flight test. Design of these systems therefore must
rely on extensive model tests and analytical studies to assure successful operation
during the initial flight test.
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4,2,8,1 (Continued)

The module control system development program plan is based on ex‘ensive design
effort, analog simulation, and development testing to produce a reliable system com-
patible with the demands of a2 variable thrust, variable mixture ratio rocket engine
with a specified timz-between-overhauls (TBO).

To achieve these goals, the control system development program will be divided into
tv'o phases: 1) the development of transient and steady -state functional performance
characteristics to meet engine and vehicle requirements, and 2) the development of
mechanical performance that will provide the required engine durability and relia-
bility.

Experience has shown that extensive test bench performance evaluation and develop-
ment testing will minimize control problems during engine testing. Information ob-
tained from this type of testing will be integrated into a computer sim:lation that
ultimately will utilize these data in conjunction with engine test data to more fully
define the design of the control system components.

Cyclic endurance testing of the control system springs and seals. as well as cyclic
endurance tests of complete valve and computer assemblies under simulated operating
conditions, will be conducted. Instrume...ation will measure actuation pressures and
valve position to detcrmine if valve response is compatible with the engine start and
shutdown sequence demands,

The test schedules, parts delivery schedule and facility requirements are shown in
Figure 1.2,8,.1-8,

Engine Module Development Program

At least 700 full -scale engine module firings, totaling at least 63, 000 seconds of opera-
tion, are considered necessary at the time of completion of the PFRT. These tests
will include simulated vehicle environments, p.opellant lines, and interfaces. This
engine development program was estimated to consume the equivalent of 34 sets of
engine parts through the PFRT portion of the program. An additional 1300 firings,
totaling over 234, 000 seconds, will be required at the time of completion of MQT,

For this latter phase of the program, it vas estimat. d that the equivalent of 23 sets

of engine parts will be consumed., Figure 1.2.8.1-9 illustrates the details of the
engine development program,

The primary objectives of the engine test program will be the development of

the required engine performance, durability, and svstem reliability within the
expected vehicle operating environment. To attain these objectives, tests of engines
to the limits of their eaduranze and performance are pianned. Deficiencies
uncovered by these tests will then be rapidly eliminated by engine changes.
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4,2.8.1 (Continued)

The major areas to be investigated are the interactions between the components and
subsystems and the operation of components in the overall vehicle/engine system en-
vironment,

Testing of the engine module will include engine steady-state operation at all thrust
levels throughout the throttling range of the engine and over the full mixture ratio
range, as well as the start-to-idle and shutdovm transients under both sea level and
vacuum back pressure conditions. Engine performance, system stability, and dura-
bility tests at intermediaie thrust levels, as well as full thrust conditions, will be
conducted. Engine test facilities are required that will simulate high altitude pres-
sure conditions at part power and during the start-transient. Engine tests are also
planned with an atmospheric exhaust., Engine test facilities wull include the capability
to simulate the vehicle propellant feed system to investigate system dynamics during
start and thrust transients,

Engine module testing with the complete control system is planned to develop the
control system and resolve interactions that would not normally be detected during
component testing. Tests to evaluate the capability of the control system to provide
accuracy, repeatability, and stable engine modvle operation over the mixture ratio
and thrust ranges. It will be required to demonstrate the suitability of the control
system to maintain safe engine operation during accelerations and decelerations.
Tests are planned to determine the effects of replacing control system and engine
components on engine module performance and trimn, Tests will demonstrate the
capability of the engine to repeat mixture ratio and thrust level trim settings within
the desired accuracy. Computer simulations of the engine and contrel system are
planned to assist in the design phase oi the program and will be m. .ntained throughout
the development program to study problems,

The repeatability of the ignition sequence, including delay time between activation of
the igniters and the attainment of combustion will be substantiated by tests in which
the propellant flow rates, spark rates, and combustion chamber pressures are meas-
ured. By estaklishing the ignition characteristics under simulated altitude and sea
level starting conditions, the requirements for all flight modes will be investigated.

Quantitative measurement of leakage will demonstrate the adequacy of static seals.
Measurements of propellant flows from system overboard vents during engine opera-
tion will be included. These data will assure compatibility of the engine module with the
vehicle installation.

Engine module performance at all thrust levels and mixture ratios over the engine
operating range will be established during the engine development p1ogram. Computer
programs will assist in the reduction and analysis of these data. Flight instrumenta -
tion, as well as supplementary instrumentation, will establish component performance
and overall engine performance,
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1.2.8.1 (Continued)

Malfunction tests are planned to assure that the engine will operate or shut down
safely without damage to the remainder of the vehicle after a fa:lure or maltunction
of the electrical power supply, control input signals, or propellant supply svstems.

Environmental tests will assure that the engine can withstand the anticipated
environmental conditions without structural failure, excessive static leakage, or
performance deteriorution. These environmental tests will include high and low
temperature, salt atmosphere, gimbal, and vibration testing.

Prior to initia.ion of the PFRT or MQT, each engine module designated for these
tests wil! be required to pass an Acceptance Test as specified in an engine model
specification. These Acceptance Tests will include engine tests that demonstrate
engine operation and performance in accordance with the engine model specifications.

PFRT testing will be conducted at the design thrust levels as specified in the engine
model specifications. Testing will be required at sea level and simulated flight
altitude conditions. The acceptance and calibration testing of the engine components
at simulated service conditions in accorance with an engine model specification

will be included.

After comp'etion of the PFRT, the development effort will be directed to improving
the performance and reliability, increase the service life, and support field and
flight test programs. Engine module development after PFRT will include

testing under simulated vehicle interface conditions to iraprove the engine/vehicle
integration and overall system performance. Possible revisions to the control,
electrical, pneumatic, and propellant interface conditions will be evaluated on a

test stand that simulates the vehicle interface. The development through MQT is
predicated on a higk rate of engine testing with emphasis on full -duration tests.

The engine systems developmeat program will be supplemented by a series of
environmental tests on the components and subsystems. These tesis will evaluate
the component performance and demonstrate the reliability of components under
simulated service conditions, including acceleration loading, vibration, temperature,
and pressure. All components will be required to complete the component testing

as defined by *he MQT requirements specified in an engine model specification,

prior to initiation of the engine qualification testing. Engine qualification tests will
be requived that include the test durations and cycles over the range of environmental
conditions specified in an engine model specification.

+.2,8.2 Resource Require ments

The following resource requirements outlined those requirements for development
and qualification of the multichamber/plug engine mcdule as provided by Pratt
and Whitney, (Resource requirements for development of the toroidal /aerospike
engine system are discussed in Section 9.0-Resource Requirements for Design
Alternatives.)

in




4,2,8,2 ({Continued)

Engine test facilities will be required to simulate high altitude pressure conditions at
part power and during the start-transient, Engine tests are also planned with an at-
mospheric exhaust. Engine test facilities will include the capability to simulate the
vehicle propellant feed system to investigate system dynamics during start and thrust
transients, Existing test facilities and other new facilities required for recurring
acceptance testing can be adapted to these tests for the individual engine modules.

The gross overall program costs for the engine test programs were provided by Pratt
and Whitney. These costs were categorized by applying percentage factors against
this gross cost. These percentage factors were developed from J-2 engine historical
cost data,

Table 4.2.8.2-1 shows the resulting costs for the AMLLV main stage engine module
development, PFRT and qualification program, Taole 4,2,8.2-II shows the required
propellant and its associated cost for accomplishment of the AMLLV main stage en-
gine module test program. Tables 4.2.8.2-II through -VIII show similar data for the
AMLLYV injection stage engine test program and for the MLLV main stage engine
module and MLLV injection stage engine test programs respectively. Table 4.2.8,2-
IX summarizes the above eight tables and shows total overall program cost for the
liquid engine test prograins,

Table 4.2.8.2-1. AMLLV MAIN STAGE ENGINE MODULE
DEVELOPMENT AND TEST COSTS

(MULTICHAMBER/PLUG)
T

"B'" Costs Component Engine PFRT Qual, Total
Engineering $44,. 1M $ 68.5M | $15,3M | $15.3M | $143.2M |
Test 21,3M 25.1M 3.8M 3.8M 54.0M |
Equipment 3.8M 11.4M 15.2M
Tooling (Basic) 3.8M 7.7T™ 11.5M
Fahrication 21,3M ' 84.6M | 24.5M | 24,5M | 154.9M

Subtotal $94.3M $ 197.3M | $43.6M | $43.6M | $378.8M

[ Not;:_:ﬂ_E;éine Niodule— Vécuuﬁx Thrust = 793, 000 pounds.
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Table 4.2.8.2-II. AMLLV MAIN STAGE ENGINE MODULE PROPELLANT
CONSUMPTION - PFRT AND QUALIFICATION TEZSTS

(MULTICHAMBER/PLUG)

Oxygen/Hydrogen Mix Ratio = ¢:1
2,000 PFRT and Qualification Tests

Total Consumption

Oxygen

Hydrogen

Cost

Oxygen

$.015 X 2, 014,285,715 LBS

Hydrogen $.25 X 335,714,285 LBS

Total

2,350,000,000 LBS

2,014,285,715 LBS

335,714,285 LBS

I

$ 30,214,286
83,928,571

11

$ 114,142,857

Table 4. 2. 8. 2"HI.

AMLLV INJECTION STAGE ENGINE
DEVELOPMENT AND TEST COSTS

"B" COSTS Component Engine PFRT Qual., Total
Engineering $ 24,0M $ 37.0M |$ 8.3M |$ 8&.3M | $ 77.6M
Test 11.5M 13.5M 2.1M 2. 1M 29.2M
Equipmeat 2.0M 6.2M 8.2M
Tooling 2,0M 4,2M 6.2M
Fabrication 11,5M 45.7M 13.2M 13.2M 83.6M
Subtotal $51.0M $ 106.6M |$ 23.6M |$ 23.6M | § 204,.8M

Note: Engine Vacuum Thrust

250,000 pounds.
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Tabie 4.2,8,2-IV. AMLLV INJECTION STAGE ENGINE MODULE
PROPELLANT CONSUMPTION - PFRT AND
QUALIJFICATION TESTS

114

r
' Propellant Consumption Inc. Ancillary Fluids
Oxygen/Hydrogen Mix Ratio = 6:1
2,000 PFRT and Qualification Tests
Total Consumption 740, 000, 000 LBS
Oxygen 634,285,715 LBS
Hydrogen 105,714,285 LBS
Cost
Oxygen $.9715 X 634,285,715LBS = $ 9,514,286
Hydrogen $.25 X 105,714,285 LBS = 26,428,571
Total $ 35,942,857
Table 4.2.8,2-V, MLLV MAIN STAGE ENGINE MODULE
DEVELOPMENT AND TEST COSTS
"B" COSTS Component Engine PFRT Qual. Total
Enginesring $ 31,0M $ 48.2M| $ 10.8M| $ 10.8M | $ 100.8M
Test 15,0M 17.6M 2, ™ 2.7TM 38.0M
Equipment 2,7TM 8,1M 10.8M
Tooling (Basic) 2.7™™ 5.4M 8.1M
Fabrication 15, 0M 59,6M 17.2M 17,.2M 109, 0M
Subtotal $ 66.4M $ 138,9M | $30.,7M | $ 30.7TM | $ 266.7TM
R R N R _
Note: Engine Module Vacuum Thrust = 408,900 pounds.




Table 4,2.8,2-VI, MLLV MAIN STAGE ENGINE PROPELLANT
CONSUMPTION - PFRT AND QUALIFICATION TESTS

Propellant Consumption Inc. Ancillary Fluids
Oxygen/Hydrogen Mix Ratio = 6:1
2,000 PFRT and Qualification Tests

Total Consumption 1,210, 000,000 LBS

Oxygen 1,037, 142,857 LLBS
Hydrogen 172,857,143 LBS
Cost
Oxygen  $.025 X 1,037, 142,857 LBS = § 15,557, 143
Hydrogen $.25 X 172,857,143 LRS = 43,214,286
Total $ 58,771,429
Table 4.2.8.2-VII. MLLV INJECTION STAGE
[ DEVELOPMENT AND TEST COSTS

[ "B COSTS Component Engine PFRT Qual, Total
Engineering $ 16.4M $25.6M | $ 5.7M} $ 5.TM| § 53.4M
v Test 8.0M 9.3M 1.4M 1.4M 20.1M
f Equipment 1,4M 4.3M 5.7M
Tooling 1.4M 2,9M 4,3M
' Fabrication 8,0M 31,6M 9.2M 9.2M 58, 0M
Subtotal $ 35.2M $ 73.7TM $16,3M| $ 16.3M | $ 141.5M
' Note: Engine Vacuum Thrust - 125,000 pounds.
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Table 4,2.8,2-VIOD. MLLV INJECTION STAGE PROPELLANT
CONSUMPTION - PFRT AND QUALIFICATION TESTS

Propellant Consumption Inc. Ancillary Fluids
Oxygen/Hydrogen Mix Ratio = 6:1
2,000 PFRT and Qualification Tests

125K Thrust

Total Consumption 370,000,000 LBS
Oxygen 317, 142,858 LBS
Hydrogen 52,857, 142 LBS

Cost

Oxygen  $.015 X 317,142,858 LBS
Hydrogen $.25 X 52,857, 142 LBS

$ 4,757,143
13,214, 286

Total $ 17,971,429

Table 4.2.8.2-IX. MAIN AND INJECTION STAGE ENGINE MODULE
DEVELOPMENT COST SUMMARY

(MULTICHAMBERIPLUG)
AMLLV MLLV
1., Main Stage Engine Modules $378,800,000 $266,700,000
Propellant 114,142,857 58,771,429
2. Injection Stage Engine Modules 204,800, 000 141,500,000
Propellant 35,942,857 17,971, 429
TOTALS $733,685,714 $484,942, 858
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4.2.9 Solid Rocket Motor Stage (SRM's) Development Tests
This section defines the SRM development and PFRT test program. The SR)M
stage attach structure will be manufactured at the Michoud stage manufacturing

facility. Three sets of this hardware will be shipped to the solid rocket motor

(SRM) manufacturing facility for final assembly and testing with other SRM stage
components.

4,2.9.1 Test Description
a., Propellant Raw Material Tests

All raw materials used in the propellant formulation will be analyzed and
standards for acceptance established.

b. Components Tests

All of the following major components will be subjected to individual development
tests:

1. Forward and aft skirts
2. Attachment structure

3. Separation motors

4. Safe and arm» mechanism

5. Ignition system

6. Destruct system

7. Electrical systems

8. Instrumentation systems

9. Thrust vector control system

10. Heat shield

11. Raceway

12. FEnvironmental control ducts
13. Mountings and fairings

14. Attachment structure separation system
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4.2,9.1 (Continued)

Each of the above items will be subjected to additional functional test checks
to obtain performance and reliability data.

c. Solid Motor Stage Development Tests

Four 260-inch motors will be static tested during the development program.
These tests will verify the performance and structural integrity of the solid
motor; provide thermal,acoustical and vibration data; and provide reliability
data.

d. SRM Preliminary Flight Rating Tests (PFRT)

Six motors will be subjected to Preliminary Flight Rating Tests (PFRT)
testing, At least three of these tests will include a complete stage system
assembled to the motor (with exception of the nose cone) to provide additional
data beyond that obtained in the above component tests. These tests will
verify the final design and provide increased confidence level to the relia-
bility estimate.

SRM/Transportation Equipment Integration Test

The SRM/Transportation Equipment Integration Test will be perfcrmed to satisfy
the following objectives:

a. Demonstrate that the transportation dynamic loading criteria for the SRM
stage, as defined by the approved SRM stage design criteria, is not exceeded
while loaded in defined transportation equipment and while being subjected
to dynamic loading conditions which simulate actual land and sea dynamic
1cading conditions.

b. Demonstrate that the transportation equipment such as tie downs, transportation
harnesses and dollies, mounting provisions, shock absorbers and transportation
barge equipment survive and function in accordance with their approved design
criteria under systems operation, and while bcing subjected to controlled
maximum dynamic environment.

¢. Demonstrate that the specification requirements for the transportation
equipment are compatible with the specification requirements of the SRM stage.

An operationally configured inert propellant SRM stage will be positioned in its
operationally configured transportation equipment. Instrumentation will be cali-
brated and data acquisition system will be connected, calibrated, and end to end
checked. The test specimen including Data Acquisition System will be transported
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4.2.9.1 (Continued)

by barge for a sea transportation test. Sufficient test runs will be accomplished

to evaluate all critical modes as defined by the contractor and concurred in by
the customer,

Tests shall demonstrate extent of compliance only. Redesign or retest requirements
shall be negotiated. Test data shall be limited to stress, strain, displacement,
acceleration, velocity, temperature, and humidity measurements. The quantities.
ranges, accuracies, etc., of these data shall be defined at a later date. However,
as a limiting factor, the Data Acquisition System shall be capable of recording 100
channels of data per run and shall have a capability of providing quick look data.

4,2,.9.2 Resource Requirements

SRM Costs for Development Testing

The following Tables 4.2.9.2-I through 4.2.9.2-IV show the development costs for
the 260 inch SRM stages for the AMLLV and MLLV. These figures were compiled
by Aerojet-General and Boeing/Michoud. They cover the complete period of
development and testing of the AMLLV/MLLV and SRM stages through the two
planned R&D test flights.

4.2.10  Flight Tests

Final qualification of a rocket boost system can only be realized when the booster

is used in a mode that duplicates the operational environments. When a boost system
is to be man-rated, some un-manned flights must precede the manned flights in order
to qualify the system. In the Saturn V program, two flights were considered adequate;
therefore, two successful flights of the maximum size vehicle (for any given AMLLV
or MLLV program) will be assumed adequate for the R&D program.

4,2,10,1 Test Description

Each R&D flight test includes the launch of a highly instrumented booster vehicle with
either a simulated or unmanned payload. Because of the extra instrumentation and
communication equipment required for sending data to the ground stations, the usable
payload is reduced. Use of these test vehicles to deliver unmanned payloads to orbit
can be considered as a program bonus if the risk of losing the payload is not critical.
This study does not consider the cost or value of this facet, but assumes the payload
is government furnished.

Flight verification tests, unmanned, will demonstrate safe functioning and achieve-
ment of minimum performance requirements of the components of a vehicle or spare-
craft system, when exposed to unmanned operating conditions, to the extent that

the vehicle can be man-rated.
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TABLE 4.2.9.2-1 SRM DEVELOPMENT TESTING COST SUMMARY - AMLLV &
MLLV

NON-RECURRING - DEVELOPMENT TESTING

AMLLV (1) MLLV (1)

1. Dev./PFRT Program

Motor $ 86,951,000 $ 69,321,000
Stage 34,684,000 33,037,000
2., Other Program Costs 16,133,000 14,758,000

3. Mfg. Development for Attach Hdw. 126,000 118,000

(1) SRM Contractor's (Aerojet-General) Input
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TOTALS $137,894,000 || $117,234,000 '
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TABLE 4.2.9.2-11 SRM PREFLIGHT RATING TESTING - AMLLV & MLLV

NGN-RECURRING

DEVELOPMENT TESTS

DEV/PFRT
AMLLV (1) MLLV (1)
Motor Costs Quantity Cost Cost
1, Chamber 10 $26,397,000 $20,374,000
2. Nozzle:
Shell 10 12,650,000 5,446,000
Ablataves & Exit 10 10,401,000 9,372,000
Cone
Actuators (2 Motors) 10 Sets 872,000 858,000
APU (2 Motors) 10 “ets 1,543,000 1,509, 000
3. Case Insallation 10 1,628,000 1,605,000
4. Propellant and Liner
Materials 15, 345,000 11,966,000
5. Igniter 12 434,000 357,000
6. Shipping 10 1,698,000 1,297,000
7. Manufacturing Labor
Process and Test 10 6,067,000 4,875,000
Inspection 10 1,779,000 1,428,000
Subtotal $78,814,000 $61,252,000
Test Facilities 8,137,000 8,069,000
Total Aerojet Development
Motor Cost Less Fee $86,951,000 $69,321,000

(1) AEROJET INPUT, OCTOBER 31, 1968
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TABLE 4.2.9.2-II1 SRM PFRT STAGE COMPONENTS - AMLLV & MLLV

NON-RECURRING - PFRT

*STAGE COMPONENTS AMLLV MLLV

1. Structural Components

Heat Shield $2,070,000 .
Raceway (Tunnel) 620,000 .
Environmental Control Ducts 410,000 i
Mounting and Fairings 2,220,000 $ 5,300,000| $ 5,300,000

2, Electrical System 9,400,000 9,400,000

3. Instrumentation 11,000,000 11,000,000

4. Stage Separation Components

Initiation Components 280,000 280,000

5. Destruct Charges and Firing Compenents 298,000 298,000
6. Forward Attach Structure 5,532,000 4,395,000
7. Aft Attach Structure 1,668,000 {f 1,353,000
8. TFittings 1,206,000 1,011,000
TOTAL STAGE COST $34,684,000 || $33,037,000

*Costs are for three complete sets of stage components used in PFRT
Program by Aerojet
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TABLE 4.2.9.2-1IV  SRM PFRT DEVELOPMENT COSTS - AMLLV AND MLLV

OTHER PROGRAM COSTS

DEVELOPMENT TESTS

DEV/PFRT

1. Labor
Management & Administration
Engineering
Test Equipment Design
2, Component Development
3. Special Test Equipment
Subtotal

Test Facilities

TOTAL COSTS LESS FEE

AMLLV (1)

MLLV (1)

$ 1,578,000
7,597,000
233, 000
4,982,000

1,100,000

$15,490,000

643,000

$16,133,000

$ 1,538,000
7,173,000
242,000
4,097,000

1,065,000

$14, 115,000

643,000

$14, 758,000

(1) AEROJET INPUT, OCTOBER 31, 1968&

123




4.2,10.1 (Continued)
The prime objectives of flight tests are:

a. FEvaiuation of hardware characteristics and operational procedures which cannot
be adequately evaluated by ground testing.

b. Acquisition of flight data and correlation of these data with the results of
ground tests.

c. Flight verification of the launch vehicle and ground support equipment prior to ’
manned flight.

d. Flight verification of stage subsystems affecting crew safety prior to manned
flight.

e. Ground crew training.
Prerequisites that will be satisfied before launch of each R&D flight are:

a. Ground qualification, reliability demonstration and certification of flight
worthiness. This will include static test firing of each stage on the launch pac,
and refurbishment, prior to vehicle stacking for launch. (See Section 7.0,
Launch Operations Plan.)

b. Flight verification of critical equipment.

c. Each flight space vehicle will be as complete as practicable; i.e., no dummy
stage, modules or subsystems, with the exception of 2 simulated payload.

4.2.10.2 Resource Requirements

The flight test vehicle will consist of a main stage and a GFE simulated payload with
an instrument unit, plus injection stage module(s) and SRM stages where applicable,
The estimates for specimens, launch operations and propellants have been modular-
ized to facilitate costing of the various vehicle configurations for each of the AMLLV
and MLLV programs.

Individual stage (specimen) costs were obtained from the "C' category estimates
with allowances for the additional R&D instrumentation.

Transportation of the test specimen elements, from factory to the launch site, is
included in the specimen cost.

Estimates were provided for specimen costs, engineering manhours, non-engineering i
manhours, launch facility maintenance, and expendibles used for processing each

R&D flight test vehicle through a complete cycle. These estimates are shown in ' .
Table 4.2.10.2-I for the AMLLV and Table 4.2.10,2-1I for the MLLV. From these

inputs, total R&D flight test costs were developed and are shown in Tables 4.2.10.2-III .
through 4.2.10.2-VI. '
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4.2,11 Ground Support Equipment (GSE) and Launch Vehicle Ground Support
Equipment (LVGSE) Test

This section defines the specific ground tests which must be performed on all
GSE/LVGSE equipment., These tests are grouped under five major test phases:

Acceptance Phase (nonrecurring);

Operational Development Phase (nonrecurring);

System Integration Phase (nonrecurring);

LVGSE Pre-Launch Checkout Phase (nonrecurring and recurring);
LVGSE Post-Launch Checkout Phase (recurring).

o QL0 o e

These major test phases and the specific ground tests applicable to each phase are
described in subsequent paragraphs. The tests are generally applicable to GSE
at the manufacturing test facilities, and to LVGSE at the launch site.

4,2.11.1 Test Description

Acceptance Phase - The GSE/LVGSE Acceptance Phase will encompass all testing
performed on equipment prior to delivery to the procuring agency. Implementation
of these tests will be the responsibility of the hardware contractor as specified in
subsidiary test plans or contract specifications. The procuring agency will estab-
lish contractually the prerogative to select (on a random or plar.ned basis) hardware
produced by the contractor, and subject it to independent verification and inspection
tests. The various tests that may be performed during this phase will include,

but not be limited to, the following:

a. Structural Tests - Qualification tests to determine the ability of equipment to
withstand predicted or measured static and dynamic forces to be encountered
in operational use, assembly, storage, transportation, and handling;

b. Environmental Tests - Production acceptance tests on equipment performed
under environmental rigors other than ambient for the prime purpose of
verifying the quality of ground equipment;

¢. Quality Assurance Tesis - Any planned and systematic pattern of testing,
including in-process tests, to provide adequate confidence that the equipment
will perform in actual operations;

d. Qualification Tests - Any tests of GSE/LVGSE parts, components, cubassemblies

and subsystems which are performed to demonstrace that the design is inherently
capable of meeting established requirements;
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4.2.11.1 (Contirued)

e. Reliability Tests - Any tests of GSE/LVGSE parts, components, “ubassemblies and
subsystems performed to demonstrate that the hardware will perfoerm its

required functions under designated conditions and time for a specified opera-
ting period;

e wesew GEn WD

f. Electromagnetic Interference Tests - Any tests of equipment performed to ;

determine the presence of unwanted electrical or magnetic fields; ’
g. TFunctional Tests - Any tests of equipment performed to demonstrate that the ’
item operates as specified; |

h. Development Tests - Any tests of equipment performed to ascertain design
feasibility and suitability. These tests are conducted under simulated or actual
environmental conditions;

i. Acceptance Tests - Any tests performed on equipment prior to delivery to
ascertain conformance to contractual specifications. Successful completion
of these tests will serve as the basis for acceptance of the contract end item
by the NASA procuring agency.

Operational Development Phase - This phase of testing covers those operational
development tests that will be conducted on the GSE/LVGSE at the varicus contrac-
tor/NASA facilities. These facilities encompass the System Development Bread-
board Facility, Swing Arm Umbilical Test Facility and the varicus facilities that
utilize the computer systems for programming and control.

The System Development Breadboard Facility (SDBF) will be used to verify the
MLLV Automation Plan, and the adequacy of the LVGSE during test operations.
All LVGSE allccated to SDBF that is common to that delivered to the Launch
Complex will be representative quality hardware that has met all specified test
requirements.

The Swing Arm Test Facility will be used to verify the adequacy of the launcher
swing arms and tail service mast operations. This includes verification of the
coupling, decoupling, and retraction of the umbilical carriers. Requirements for
testing umbilical carriers following installation will be specified in subsidiary
test plans. NASA will have the prime responsibility for implementation of all test
activi‘ies at this facility.

Computer systems will be utilized thirroughout the AMLLV/MLLV test program to
insure effective testing through automation. Computer systems requirements for

test activities will be specified in subsidiary test plans.

System Integration Phase - This phase of testing will encompass the installation,
checkout, integration, and qualification of all GSE at the manufacturing and test
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4.2,11.1 (Continued)

complexes and of LVGSE installed at the Launch Complex. These tests will be
conducted for the purpose of checking out, grooming, calibrating, and assessing
the performance of the overall GSE/LVGSE systems. LVGSE contractors will
provide NASA with technical support as prescribed. It is planned that certain
of these tests will require the utilization of the facility checkout vehicle and
simulators. The tests to be performed in this phase will be divided into four
catcgories as follows:

a. GSE/LVGSE Checkout Tests - These test will ensure that each functional
GSE/LVGSE subsystem is adequately checked out and groomed;

GSE/LVGSE Operability Tests - These tests will ensure that each functional
GSE/LVGSE subsystem meets the AMLLV/MLLV program requirements as
they relate to operability and performance. In general, these tests are
conducted to determine adequacy of individual subsystems to support overall
GSE/LVGSE systems testing. Final calibration of each subsystem will occur
at this time. The LVGSE tests will be directed by NASA with technical
support from contractors as required;

GSE/LVGSE System Functional Transmission Tests - These tests will
determine inter and intra GSE/LVGSE subsystem compatibility as it pertains
to physical and functional interfaces. In general, these tests will utilize
simulated inputs to evaluate each command, monitored or recorded function
from source to final recipient;

GSE/LVGSE System Qualification and Performance Tests - These tests will
determine overall GSE/LVGSE system performance and compatibility with the
facility (F) vehicle as they relate to physical, functional, electrical and
mechanical interfaces. In general, these tests will be conducted with the
facility vehicle and simulators. Upon successful completion of these tests,
the GSE/LVGSE will be considered ready to support AMLLV/MLLYV operations
at the manufacturing test facilities or Launch Complex.

LVGSE Pre-launch Checkout Phase - This phase of testing will cover the operational
tests that are performed on the LVGSE after the equipment has been installed and
has successfully completed the preceding test phases. The implementation of these
tests will be the prime responsibility of NASA with support from contractors as
required.

These tests will be conducted for the purpose of verifying the compatihility and
capability of the LVGSE for operational use with operational flight vehicles. It is
intended that these tests will be performed on the facility (F) vehicle. The tests
to be performed during this phase will be divided into four elements as follows:




4.2.11.1 (Continued)

a. Launch Vehicle GSE Functional Tests - These tests will be performed on
operational LVGSE to verify that the equipment is ready for interfacing with
the first launch vehicle. These tests and test documentation will be the prime
responsibility of NASA, Contractor technical support for these tests will be
determined by NASA;

b. LVGSE Compatibility Tests - These tests will be performed primarily to
verify the compatibility of LVGSE with the ground and first launch vehicle.
These tests will provide assurance that the LVGSE is operationally compatible
prior to checkout of the launch vehicle. These tests will be the prime respon-
sibility of NASA;

¢. LVGSE Special Tests - These tests will be performed to encompass those areas
in which certain unique application of LVGSE is involved. In general, these
tests will be conducted for special evaluation of LVGSE. These tests will be
the responsibility of NASA;

d. Pre-Use Checkout and Verification - As a minimum, the following ground
support equipment checkout requirements must be fulfilled:

1, Ground support equipment at the installation site will be checked out
initially through self-verification or other appropriate means prior to
connecticn with each item of space vehicle hardware. After connection
of ground support equipment to space vehicle items, a systems compa-
tibility check will be made prior to beginning the checkout of the space
vehicle items,

2. Subsequent pre-use checkouts will be performed prior to each launch
to verify the readiness of the ground support equipment,

3. Final verification tests of the ground support equipment will be performed
during subsequent flights of unmanned or manned space vehicles.

LVGSE Post-Launch Checkout Phase - This phase of testing will cover those
operations to be performed on the LVGSE after the vehicle has been launched,

and to prepare the LVGSE to support the next launching. This will include refur-
bishment and modification operations, LVGSE verification tests, and pre-use tests.
Testing will be performed to verify functional integrity of the LVGSE that was
refurbished, modified, or replaced. This phase will be the responsikility of NASA
with the support of contractors as required.

Functional tests will be conducted on the LVGSE following refurbishment, modifi-
cation, or introduction of new equipment. These tests will be conducted to verify

134




4,2.11.1 (Continued)

functional integrity of the LVGSE. NASA will have prime responsibility for func-
tional tests and will be supported by contractors as required.

Verification tests are system tests that are required to assure compatibility of
modified or newly introduced LVGSE within the launch complex. NASA will have

the prime responsibility for verification tests and will be supported by contractors
as required.

1.2.11.2 Resource Requirements

Resource requirements for ground support equipment (GSE) at the manufacturing
and test facilities, and launch vehicle ground support equipment (LVGSE) at the
static firing and launch facility are generally covered in the test plans for these
complexes. 1In other cases the test costs, in particular those for acceptance testing,
are included in the hardware procurement costs and are not identifiable. The

foregoing test plan was prepared to guide the orderly development of ground
support equipment, and to assist in costing this ground support equipment at the
various areas of usage.




4.3 MANUFACTURING AND OPERATION TESTS (RECURRING TESTS)

This section of the test plan describes the recurring tests applicable to the AMLLV
and MLLV launch vehicle families (see prior Table 4.1.1.0-1I). Figure 4.3.0.0-1
depicts the flow of these tests and shows the number of the applicable sections where
the tests are discussed in detail. Acceptance tests shown are applicable to all
elements of the vehicle families, i.e., the main stage, injection stage and the
strap-on stages, and to their respective components and subassemblies. Resource
requirements for these tests are not shown in this section as these tests are an
integral part of the manufacturing process, and the resuvurce requirements are
included in the resource requirements for the manufacturing plan in the following
Section 5.0. The main and injection stage static firing test resource requirements
over and above those required for launch of the vehicle are shown. The resource
requirements for the SRM stage sub-systems and systems test are discussed.

The resource requirements for the pre-launch test and checkout are discussed

in the subsequent launch plan in Section 7.0,

4.3.1 General Acceptance Tests

Acceptance tests are conducted on all hardware to determine conformance to design
or specifications as a basis for acceptance. Acceptance tests shall be performed
on each production article defined by Contract End Item (CEI) specification. The
test requirements shall be defined in the CEI and a data package shall be completed
by certified qualit. control inspection, and shall accompany each delivered article.
The data package shall include acceptance test data with approval shown by quality
control (QC) inspection stamp, and a complete drawing and documentation package .

First Article Inspection (FAI) shall be conducted on the first delivered production
article. The FA{ data package shall be essentially the same as for acceptance tests.
The test shall be conducted by a NASA team assisted, as required, by contractor
personnel. Where applicable, completion of FAI shall constitute certification of
flight worthiness and manrating. Acceptance tests shall be performed under the
surveillance of the applicable NASA Centers or their authorized representatives.

The tests which fall under the category of General! Acceptance Tests are as follows:

a. Receiving Tests

b. In Process Tests
1) Screening Tests
2) Ambi~nt Tests

Environmental Tests
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+.3.1 (Continued)
4) Quality Verification Tests
c. Post Manufacturing Test

A general description of these tests and the basis for these tests is presented in
the following paragraphs.

Receiving tests are non-destructive, functional tests performed for the purpose
of acceptance on piece parts, components, or assemblies on receipt by a manu-
facturer or a using agency. These tests shall be performed on 100 percent of
the functional (operating) items. A receiving test run under other than ambient
conditions may also be considered an acceptance environmental test,

In process tests are p~oduction tests conducted for the purpose of acceptance and
include all tests performed at intermediate points between recceiving tests and start
of final manufacturing checkout. Principal tests in this category are screening
tests, ambient tests, and environmental tests. Description of these tests are
shown below:

a. Screening tests are production tests conducted for the purpose of acceptance
and are tests employing non-destructive environmental, electrical, or mechani-
cal tests to identify anomalous items. The NASA Center shall establish detailed
screening test requirements.

b. Ambient tests are production tests conducted for the purpose of accepténce under
ambient environmental conditions such as pressure, temperature, etc., normal
for the test location. The NASA Centers shall establish the detailed ambient
test requirements,

c. Envircnmental tests are production tests conducted for the purpose of acceptance
under environmental rigors other than ambient for the prime purpose of verify-
ing the quality of the flight hardware or ground equipment. The NASA Centers
shall establish the detailed acceptance environmental test requirements.
Environmental test levels may be lower than mission environments, provided
the NASA Centers determine that such a lower level will reveal all critical
quality defects.

In order to guarantee that production items continue to reflect the same quality of
workmanship and conformance with design specification that prototvne items por-
trayed, quality verification tests shall be conducted. Selected production items
shall be disassembled and inspected in detail for conformance with specification,
acceptable workmanship and for potential failure hazards. The findings shall be
formally documented and transraitted to the customer.
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4.3.1 (Continued)

Post-manufacturing checkout tests are performed for the purpose of acceptance after
final assembly at a manufacturer's plant to assure as a minimum that hardware:

a. Was manufactured in accordance with design documents, drawings and
specifications,
b. Will function in accordance with design specifications and intent,

c. Will mate physically and functionally with other flight and ground support
equipment items.

The successful completion of manufacturing checkout is a prerequisite to assembly

intu a higher hardware generation level at another contractor's plant or NASA
installationyand for shipment to an acceptance static firing or installation site. The
requirements of post-manufacturing checkout are similar to those of prelaunch checkout.
In fact, the redundant systems with on-board capability can be used directly for
post-manufacturing checkout by supplying a properly programmed computer.

4,3.2 Main Stage and Injection Stage Static T'iring Tests

Static firing tests of stages and modules for acceptance testing are performed

1) for the purpose of verifying propulsion and control systems integrated performan~e,
and 2) for verifying the capability of all systems to function under the environments
generated by the engines operating at full thrust (or variable thrust where applicable).

The need to captive test fire stages is presently justified by the need to develop and
qualify the stage/engine combination and the need to develop confidence in the accurate
repeatability of the manufacturing and quality assurance methods. The objective

of acceptance static firing as stated above, infers that when confidence is estab-
lished, the tests may be discontinued.

Acceptance test static firing of the main stage and injection stage will be accomplished
in the launch stand. The launch facility will be required to withstand the environment
imposed by the firing and will include a sonic buffer zone to the nearest populated
area. The activity normally accomplished by a launch crew will be very similar to
that done by a static test crew. The launch facility was therefore planned to accommo-
date hoth the main stage and the injection stage for static firing and refurbishment
activities.

A scparate acceptance static firing test facility could not be justified ~s :

a. Acceptance static firing of the completed stage could be discentinued
after the first few vehicles are flown,
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4.3.2 (Continued)

b. A scparate test facility would be cxpensive not only due to the cost of
test stands, but also due to the size of buffer zone required.

c. With the low production rate, a separate test facility would be occupied
only half time.

Acceptance firing of stages could be eliminated and replaced by acceptance firing

of individual engines or segments of plug nozzles. Test firing of engines is neces-

sary to demonstrate that they operate within sperified performance (thrust and Isp)-

In addition a cold flow test of the stage will be needed to demonstrate equipment operation
within specified requirements.

In addition to the expense of land purchasc for a separate static firing facility,
extensive costs would be incurred for the construction of stands and data acquisition
facilities, propellant storage and transport, and transportation and handling stages
to and through the test facility.

With the low production rate, not more than two stages would pass through the
facility each year. Each S-IC stage (at this time) is at MTF for two monthe for
static firing acceptance testing. Studies conducted by KSC indicated that ten (10)
weeks would be required for the same test on the AMLLYV core. The studies further
indicate that both the core and injection stages can be static fired, refurbished,
vehicle stacked, checked out and launched in less than a 30 week period. All this
can be accomplished in the launch complex.

4.3.2.1 Static Firing Test Plan

The static firing test activities include the pre-firing test and checkout, the static
firing tests, the test and checkout prior to refurbishment, refurbishment and a
detailed post-firing checkout. Each liquid propulsive flight stage or module will
be subjected to at least one captive firing to verify flight readiness.

Upon receipt at the static firing facility, a stage or module to be tested will undergo
an inspection to determine if the configuration is adequate and if any damage has been
incurred during transportation from the manufacturing facility. The extent of this
inspection shall be determined by the cognizant NASA Center, but as a minimum will
be as rigorous as that inspection which the item will receive in premating checkout.
Pre-static firing checkout procedures, equipment and test countdown will duplicate,
as nearly as practicable, those to be utilized during actual launch.

‘The flight sequence of events, such as engine, throttling, cut-off and staging will be
simulated in the static firing tests. The static firing test measuring program will
include all measurements which are to be monitored during actual launch and flight.
Since the vehicle flight instrumentation system will be one of the items undergoing
test, test measurements will be acquired not only by facility instrumentation systems
but by the on-board test and checkout system as well,
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4.3.2.1 (Continued)

At the completion of static firing test and prior to maintenance, the tested stage or
module shall be thoroughly checked out for structural, electrical, and functional
integrity to assure that no system degradation has resulted from the static firing tesc.

After checkout in accordanze with the above paragraph and after maintenance and
refurbishment, the tested stage or module will be subjected to a post-static firing
checkout which will be equivalent to the post manufacturing checkout. Post-static
firing checkouts of stages and modules will be the final acceptance tests performed
for the purpose of verifying that the hardware is suitable for launching.

The static test procedures and activities, because of their integral part of the
launch activity, are discussed in further detail in the Launch Plan in Section 7.0,
The static firing time lines for the main stages and injection stages are shown in
Figures 4.3.2.1-1 and 4.3.2.1-2 respectively (see Table 7.3.3.0-I in Section

7.0, Launch Plan, for code number breakdown). There will be no acceptance static
firing tests for the solid rocket motor stages.

1.3.2.2 Resource Requireracnts

Use of the launch facility for the static test program means that much of the tooling,
equipment and facilities provided for the vehicle launch can be used for the static
tests. Use of the launch facility does not, however, negate the requirement for
manpower and materials to conduct the tests. Some additional equipment and tooling
also will be required such as the positioning and holddown adapters to hold the
stages during test. After static test, the launch facility will require refurbishment
prior to launch. Refurbishment and post test checkout is also required for the stage
or module prior to assembly into the flight configuration.

Six months (26 weeks) is ground ruled for the complete launch cycle, but the time
lines for the early flights allow 32 weeks, which can be shortened by paralleling
certain operations which are now sequential. The overall time for static firing and
refurbishment as illustrated by the combined main stage (M/S) and injection stage
(1/S) time lines (Figures 4.2.2.1-1 and -2) is 22 weeks; 697 of the total launch
cycle of 32 weeks. Since other launch complex activities are in progress during
this time period, only a percentage of the total launch complex manpower is
chargeable to this operation. This was estimated to be an average of 487 .

Applying appropriate percentages to the manpower requirements per launch cycle
contained in the Launch Plan, Table 7.3.1.0-I, the following Table 4.3.2.2-1

was derived. Fuel requirements shown for the injection stage are for the 3 module
version, and should be reduced by 1/3 for each wafer removed.
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TABLE 4.3.2.2-1 STATIC FIRING MANPOW;: R AND FUEL COSTS -

AMLLV AND MLLYV

AMLLV MLLV
Main Stage (M/S)
Manpower K27,249,937 $25,711,234
Fuel $ 1,221,275 $ 610,637

Subtotal M/S 828,471,212 $26,321,871

Injection Stage (I/S)
Maﬁpower $28,590,380 $27,150,667
Fuel $ 154,550 3 77,275
Subtotal 1/S $28,744,930 §27,227,942
M/S & 1/S Total Manpower 855,840,317 $52,861,901
M/S & I/8 Total Fuel $ 1,375,825 S 687,912
Total AMLLV & MLLV $57,216,142 853,549,813
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4.3.2,2 (Continued)

The manhours required for static firing an injection stage with one, two or three
modules will not vary significantly. Each stage to be static fired will arrive at the
launch complex completely assembled and checked out prior to leaving the manu-
facturing facility. Handling and firing time would be the same, with a little longer
required to fuel up added 1/S modules. Checkout time would vary according to the
number of engines, with the possibility also of some increase in refurbishment time
for the greater number of engines.

Table 4.3.2.2-1 tabulates the manhours and fuel costs for the M/S and 1/S for both
the AMLLYV and half size MLLV for static firing, refurbishment and checkout. It is
indicative of the resources in time and money to be saved once the need for static
firing cach flight stage has been eliminated. The goal of two launches per year will
be met more readily, with an annual saving of well over $50, 000,000,

4.3.3 SRM Stage Subsystem/System Tests

In-plant tests of completed subsystems and/or major components will include:

a. Stagz Sequencing System Test

Verify operation of stage sequence and control distributor function relays
by sending programmed coded signals from the computer.

b. Stage Instrumentation System Channel Identification Test

Verify operation of stage telemetry system to assure that each channel has
only the assigned function.

c. Range Safety System Test
Verify generation of arming, engine cutoff, and SRM destruct signals by
transmitting open or closed loop RF commands to the stage range safety
command receivers.

d. Simulation Flight Test

verify operational readiness and mutual compatibility of stage and SRM
systems for launch and flight.

¢. Commanded Premature SRM Separation System Test
Verify the presence of separation, and destruct signals only when the proper

combinations of malfunction signals (as generated by the computer) are received
from the computer.
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(Continued)
Stage Electrical Connections Test

Perform quality/acceptance tests to prove proper separation of electrical
connectors occurs on SRM staging.

Separation System Test

Verify the presence of an acceptable SRM separation firing signal when the
separation firing system is actuated.

Stage Power Systems Test

Verify the presence of stage DC power at SRM connection points when the
proper signals are generated.

26 0-Inch Case Pressure Test

Perform a hydro test of the solid motor case to prove capability to withstand
pressures encountered during launch and flight operations.

Solid Motor Thrust Vector Control (TVC) System Test

Perform a test of the TVC system to determine electrical and hydraulic system
functional operation. Calibrate the TVC deflection angle and response rate
to the input signals. ‘

These tests will also be repeated at the receiving and inspection dock at KSC to
assure functionality (after transportation) prior to assembly of the solid stage to
the core vehicle,

4.3.4 Pre-TLaunch Checkout of Space Vehicles

The primary objective of the pre-launch checkcut is to determine that the assembled
space vehicle is ready for launch. NASA shall publish a pre-launch checkout plan
for each space vehicle. Approximate inputs to the plan will be provided by subor-

dinate contractors. The plan shall include as a minimum:

Pre-launch checkout operations to be conducted on stages, modules, and the
space vehicle to verify readiness for launch.

Overall sequence and schedule for accomplishing space vehicle checkout operations.

NASA and contractor responsibilities and relationships and contractor controls.
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4,3.4 (Continued)

d. Working level test documentation and records requirements.

4.3.4.1 Prelaunch Test and Checkout Plan

The prelaunch checkout will include the following as a minimum:

a. Visual inspections to assure satisfactory physical condition.

b. Functional checkout and compatibility verification of all subsystems within the
space vehicle not confined within a stage or module. Includes verification of
instrumentation calibrations.

c. Electromagnetic interference test: First operational vehicle.

d. Simulated flight.

As this activity is integral with the Launch Plan, it is discussed in more detail in
Section 7.0,

4.3.4.2 Resources Implications

The following paragraphs describe the resource requirements for the prelaunch test
and checkout of the vehicle.

Launch Facilities and Equipment - Test

The launch complex will require equipment which can be broken down into two major
categories as follows:

a. Facility ground support equipment - GSE

b. Stage peculiar ground support equipment - LVGSE

Equipment falling under categories "a' and "b" was priced based on lists provided by BATC.

The following is a summary of the type of equipment required for prelaunch test and
checkout activities.

Facility Ground Support Equipment (GSE)

a. DPropellant, tanking computer.

b. Wideband transmission system,
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4.3.4.2 (Continued)
Operational TV system.
Abort advisory.
Operational intercom system.
Photo optical system.
Launch data system.
Facility systems control and display.
Hazardous gas detection system.
Facility command and control computer.
Instrumentation data display system.
Facility monitoring system,
Central instrumentation T/M system,
Count clock.

o. Ground equipment test set.

Stage-Peculiar Ground Support Equipment (LVGSE)

a. Test and checkout computer.
b. Terminal countdown sequencer.

Launch vehicle control and display.

Launch vehicle command and control computer.
e. Launch vehicle monitoring system.

Required Test GSE - SRM Stage

The ground support equipment required to support the processing of the SRM at the
Jaunch site is listed below.




4,3.4.2 (Continued)

a. Electronic checkout van.

b. Hydraulic power servicing unit,

¢. Motor leakage pressurization unit.
d. Leak detection unit, helium type.
e. Pneumatic nower supply cart.

f. Nozzle/TVC alignment kit.

g. Maintenance stands.

Manpower and Material Costing

Because the testing at launch site will include static firing of powered stages, and
test and checkout of the assembled vehicle in the launch mode, all ground support
equipment will be required along with the special test support equipment. This also
| , ) includes transportation and handling equipment, See Section 7.0, Launch Plan, for
manpower and material costs.
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5.0 MANUFACTURING PLAN

This manufacturing plan presents the fabrication and assembly methods for the main
stage, injection stage and solid-rocket motor stages of the AMLLV and MLLV vehicle
configurations. The plans are, where practical, an extrapolation of fabrication tech-
niques developed for the Saturn V/S-IC booster stage. By making use of the plans,
processes and tooling concepts for this stage, program costs for the fabrication of the

flight stages will be minimized. Differing manufacturing techniques are incorporated
into the plan where advantageous.

This plan was written for the MLLV family. The similarity of the MLLV and AMLLV
makes it possible to apply the same plan to the AMLLV family. Where differences do
exist, the AMLLV data is shown enclosed in brackets following the MLV data. 1In
some instances, where the data is complex, a separate subparagraph has been pre-
pared.

The manufacturing plans include a description of each stage, a detailed fabrication and
assembly plan for each stage, and the resources required to fabricate the stage.

The main stage, injection stage and SRM stages of the MLLV are described in detail in
Volume II of this final report on contract NAS2-5056, '"Cost Studies of the Multipurpose
Large Launch Vehicle." The main stage, injection stage and SRM stages of the AMLLLV
are described in detail in Boeing Document D5-13421-2, Volume II of the final report
on contract NAS2-4079, "Study of Advanced Multipurpose Large Launch Vehicles'.
Brief descriptions of these main stages are presented below:

The main siages of the MLLV and the AMLLV will be all aluminum structures using

the technology developed on the Saturn V/S-IC. The MLLV main stage will be 56.7

feet in diameter and 138 feet tall. The AMLLYV main stage will be 71.7 feet in diameter
and 158 feet tall. Both structures will consist of the following major subassemblies:

Forward skirt;

LOX tank;

LH9 tank;

Aft skirt;

Centerbody plug:

Subsystems such as the propulsion/mechanical, electrical/electronic, etc.

The forward skirt will be an aluminum (7075-T6) mechanically fastened, skin-stringer-
frame structure. It will be composed of skin panel subassemblies, an intermediate
ring frame, a deep ring frame to react holddown loads and a forward interface angle-
ring for forward attachment to the payload or to the injection stage.

The LOX and LHs propellant tank will be welded aluminum structures, employing welded
T-stiffencrs in the cylindrical sections. They will be composed of upper and lower
elliptical bulkheads welded from bulge formed gores and an insulated honeycomb semi-
elliptical common bulkhead. LHg will be contained between the common bulkhead and




5. (Continued)

the lower bulkhead, and LOX above. An anti-vortex cruciform baffle will be loca-
ted inside the common bulkhead. Cantilever ring baffle assemblies will extend inward
from the common fitting of the common bulkhead and the junction ring fitting of the
lower bulkhead.

‘Twenty-four LOX tunrels will feed through the LHy tank from a LOX duct manifold
fitting in the center of the common bulkhead and will penetrate the LH, tank lower
bulkhead near the side wall in the vicenity of each engine. These tunnels will be

tied together inside the LHy tank and braced with high strength tension rods attached
to collars which surround each tunnel. LHo feed lines will emanate from a fitting

in the bottom center of the lower bulkhead and will extend radially inside the

LHy tank penetrating it near each engine. (If the toroidal/aerospike propulsion system
is used only eight feed lines are required.)

The aft skirt section will be a mechanically fastened assembly consisting of skin panei
subassemblies, thrust posts, intermediate ring segments, thrust ring segments, inner
splice plates, centerbody-plug post-attach fittings. and oxidizer fuel pressurization
manifolds with their respective attach fittings. Each of the skin panel subassemblies
will be a single preformed (7075-T6) aluminum sheet, Twenty hat sections extending
the full 1ongth of the panel will be mechanically fastene:: to each skin panel. Each hat
section will be reinforced with outer spiice plates at the upper end of the skin panel to
provide additional strength at the lower bulkhead Y-ring attach points, An inner splice
plate will also be used in final assembly to provide an interface surface between the
rear of the lower bulkhead Y-ring and the skin panel inner surface. The intermediate
ring will be assembled in the final assembly fixture using the preformed segments.
Each segment will be mechanizally fastened to the irner side of the thrust posts. The
lower thrust ring assembly will form the base of the aft skirt structure when its ring
segments are positioned and joined in the major assembly fixture. Both the intermedi-
ate and thrust ring segments will be constructed of inner and outer rolled aluminum
T-chords., The bonded honeycomb web segments will be mechanically fastened to the
inner and outer caps.

The centerbody plug will be a conic structure with a base consisting of a stringer-sheet
bulkhead, Two major assemblies will make up the structure; the base plug (conic
section structure) and the base bulkhead. The base plug will be an aluminum boneycomb
core structure with stainless steel as inner and outer face sheets. LHp cooled tubes
(monel) will be brazed to the outer face of the honeycomb structure. The tubes will fit
into upper and lower manifolds of the base plug. The lower manifold of the base plug
will mate with the aluminum (2219-T87) stringer-sheet base bulkhead. These two
structures will be mechanically fastened to form the complete centerbody plug.

Final assembly operation will consist of mating the major structural assemblies to the
core stage configuration and installing the propulsion and electrical system components
on the stage. The structural assemblies, with the exception of the centerbody plug and
engines, will be assembled with the stage in a vertical position, All other systems in-
stallations will be accomplished horizontally.
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5,0 (Continued)

The propulsion/mechanical systems used in the main stage are the propellant feed
systems, pressurization systems, engine control, destruct ordnance, environmental
control, ordnance and control pressure. The functions of each of these systems,
fabrication and assembly procedures and necessary resources were identified, For
the electrical /electronic system; the electrical power and network system, data sys-
tems, communication and tracking system, command destruct system and the guidance
and control system, the functions, fabrication and assembly procedures and necessary
resources were identified.

The main stage rescurces were collected in terms of the following:
HIR Manpower to fabricate the assemblies and subassemblies;

h, Materials costs based on extrapclation of S-IC material costs to the AMLLYV
and MLLYV configurations;

Co Tooling cosis hv major subassemblies;
d. Capital equipment grouped by assembly and subassembly;
e. Facilities categorized by manufacturing and test requirements.

A summary of the resources data is shown in Table 5.0.0.0-1. Detail backup is shown in
Paragraph 5.2, Manhours were converted to dollars for this table when necessary
to add to dollars.

TABLE 5.0.0,0- SUMMARY OF RESOURCES INPUTS FOR THE MAIN STAGE

Item AMLLV MLLV

Manpower (Direct Recurring) 2,473,364 m/h 2,096,363 m/h
(Direct Nonrecurring) 23,620,245 m/h 16,801,646 m/h

Material Costs (Structure-Eecurring) $ 4,931,613 $ 2,631,000

(Systems -Recurring) $ 28,173,000 $ 25,356,000

(MGSE -Nonrecurring) $ 8,363,000 $ 5,269,000

(Tooling -Nonrecurring) $ 19,054, 000 $ 11,557,000

+Tooling Costs (Nonrecurring) (1 $ 90,505, 000 $ 87,405,000

(Recurring) ) $ 2,704,000 $ 3,563,000

*Facilities Costs (Nonrecurring) $151,105,000 $136,575,000

(Recurring) $ $7,916,000 $ §7,572,000

; «Tooling and Facility costs are for both the main stage and injection stage. These
stages are manufactured in the same facility and use some of the same tools.

' (1) Tooling costs are for labor and material.
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5.0 (Continued)

The injection stage will be all aluminum structures consisting of from one to three
cylindrical modules of skin-stringer-frame construction. For the AMLLV configura-
tions, each injection stage module will be 71,7 feet in diameter and 18.3 feet long.

For the MLLV configurations, each injection stage module will be 56.7 feet in diameter
and 15 feet long. Each module will contain two toroidai propellant tanks (LOX tank and
LHy tank). The upper tanks will drain their fuel into the corresponding fuel tank of

the lower module, The upper modules are fuel modules only, The lower module in
addition to the fuel tanks, will contain the thrust structure, heat shield and all engines
for the injection stage. Two engines will be mounted in the lower module for each
module used on the injection stage.,

The cylindrical skin structure of each module will be similar to the forward skirt of
the main stage and will be constructed of 7075-T6 aluminum skin panel subassemblies.,
The mocules will be connected by a shear pin connection at the ring frames located at
the top and bottom of each stage.

The torus LOX and LHg fuel tanks will be fabricated from 2219-T87 aluminum. The
LHy tank will be connected to the skin structure by shear pins. The LOX tank will be
mounted within the inner diameter of the Llg tank. A fiberglass hanger strap will
connect the two assemblies. The upper end of the strap will be shear-pin connected to
the outer diameter of the LOX tank, Eight web pznel assemblies of a sandwich alumi-
num honeycomb structure spaced 45 degrees apart will provide torsional rigidity.

The tanks will be connected by a stainless steel convolute bolfed into the aluminum
tanks. A teflon outer convolute will act as an insulator for the inner convolute and will
he coated with a spray-on type polyurethane. Propellants will drain from the upper
tanks into the lower tarks during injection stage thrusting; therefore, residuals in the
upper tanks will be negligible by thrust termination. Toroidal manifolds, attached to
the lewer module, will effectively drain the tanks. Float valves will ensure manifold
suction of liquids and hot gases no matter what position the tank assumes. All the en-
gines will be flex-joint connected to the manifolds, which are sized to feed all size en-
gines with only one float valve open in each manifold.

The thrust structure in the lower inj¢ “ion stage module will consist of two thrust rings
and six engine-mount forgings (thrust posts). The engine mounts will be pin-connected
at the ends to the engines. The engines will be mounted on cantilever forgings from two
(moment-restraining) ring frames. Additional engines will be added around the ring
frames as additional modules are added. The extendable nozzle engines will be nested
into the forward skirt area of the main stage to save stage length. They will extend
their nozzle and gimbal outward after main stage and injection stage separaticn.

The engine design used in evaluating the injection stage performance was the

high chamber -pressure, translating nozzle concept us defined by Pratt and Whitney.
This engine will use liquid hydrogen and liquid oxygen propellants. The translating
nozzle will provide a means of minimizing the engine installation envelope, The major
portion of the nozzle will be dumped cooled, The engine will use a preburner cycle.
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5.0 (Continued)

The resources for the injection stage were collected employing the same resources
criteria as was used for the main stage. The categories were manpower to fabricate,
materials, capital equipment, and facilities., A summary of the injection stage re-
sources data is shown in Table 5.0.0,0-TI. Detail backup data is contained in Para-
graph 5.3.

The solid-rocket motor stage (SRM) used for the AMLLV and MLLV will be 260-inch
(in diameter) solid-propellant rocket motors converted into stages for the AMLLYV and
MLLV vehicle applications. For the AMLLV, twelve 260-inch SRM's will be used.
For the MLLV, eight 260-inch SRM's will be used. The solid-propellant motor will
consist of a case, propellant, nozzle, ignition system, thrust vector control system
and a destruct system. The solid motor will be converted into a stage by the addition
of on-board power sources, flight instrumentation, forward and aft skirts, attachment
fittings, nose cone and a separation system. The AMLLV SRM stage will contain 3.8
million pounds of propellant; the MLLV SRM stage will contain 2,9 million pounds of
propellant,

The motor case will be fabricated from 18 percent maraging steel. The case will con-
sist of a cylindrical section 260 inches in diameter. Y-rings at each end of the cylin-
drical section will join it to hemispherical forward and aft closures and to the forward
and =ft SRM skirts. The forward closure will contain a 28-inch opening for the igniter.
The aft closure will contain a 180-inch opening for the nozzle assembly. The nozzle
assembly will consist of a maraging steel shell with an ablative insulation liner, The
shell will extend to a point just aft of the nozzle throat. From that point to the start
of the exit cone, 4130 steel will be used with an ablative insulation liner. The exit
cone will be aluminum honeycomb core covered externally with fiberglass cloth and
internally with an ablative liner. Thrust vector control will be provided by a flexible
seal system. The actuation force will be applied by a hydraulic actuator mounted be-
tween the aft closure and the nozzle shell. '

The propellant will be a composite PBAN type propellant, After the case is cleaned,
lined and insulated, a mandrel will be placed into the motor, The propellant will be
cast and cured to the configuration provided by the mandrel. After cure, the mandrel
will be removed and the nozzle assembly attached.

The strap-on stage components will consist of an onboard power source, a dight instru-
mentation system, a separation system, solid-motor attachment fixtures and a solid-
motor nose cone. The on-board vower system, flight instrumentation and the separa-
tion system will be fabricated or procured by the solid-niotor contractor and installed
on the solid motor at the fabrication site. The forward and aft attachmont fittings and
the nose cone will be fabricated at Michoud and shipped to the solid-motor fabrication
site for assembly to the solid-motor stage.

The SRM forward attachment structure will be a cylinder 260 inches in diameter con-
structed of HY -140 steel, It will be a skin-stringer-frame construction, The skin will
consist of 14 sections welded togsther to form a 260-inch diameter cylinder. One

of the sections will incorporate a forged ignition fitting and an igniter safety and arming
device fitting.
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5.0 (Continued)

The SRM thrust (shear) post will be fabricated from HY-140 and will be MIG-welded to
the skin. The post will have a cross shape. A steel sleeve will be welded to the thrust
post at the intersection of the cross. This sleeve will mate the SRM to the main stage

sleeve,

The skin of the forward attachment structure will have a forward thrust ring mounted
at the head end, At the aft end, an aft skin ring and an aft thrust structure will be
welded to each other, and then in turn to the skin forward thrust ring assembly. Four
intermediate rings will then be mechanically fastened to the subassembly. Longitudinal
stiffeners will then be installed.

The aft attachment structure will be cylindrical in shape and fabricated from HY-140
steel structure with longitudinal stringers (similar to the forward atiachment structure)
welded to the external skin surface., The skin will be supported on the inside with six
reinforcing rings and two support posts. The cylindrical skin-ring will be fabricated
from 20 skin sections. Two of these skins will incorporate fairings to house the lower
SRM staging rockets, Each of the two vertical support posts will be comprised of two
welded and machined forgings, The reinforcing rings will be attached and the longi-
tudinal stiffeners welded in the same manner as described for the forward attachment
structure.

The aft attachment fittings will consist of two tubular support struts and a side-load
fitting. The tubular support struts will extend between the SRM attach lugs and the
attachment fittings mounted on the core stage. The struts and the attachments on the
core will be 7075-T6 aluminum, The SRM fittings will be HY-140 steel. Both ends

of the struts will contain spherical bearings. One end will be pinned to the SRM attach-
ment lug; the other end will be pinned to the core lug.

The side-load fitting located in the SRM stage will mate with a slip-load fitting welded
to the core stage., The slip-load fitting will be fabricated from die forged 7075-T6
aluminum. The spherical ball mounted in the si-":-load fitting will ride in the channel
of the slip-load fitting.

The solid-motor nose cone will be a conical 7075~T6 aluminum alloy structure., The
cone will be reinforced on the inside with 40 Z-section stringers and five rings. The
skin will consist of two skin-ring sections and a nose fairing assembly. The center
skin section will also have the staging-rocket fairing mechanically fastened to the skin,
The staging rocket will be supported by bracketry on the cone interior. The entire
exterior of the cone will be covered with an ablative coating.

The resources for the solid-propellant motor costs were obtained from Aerojet- General.
Resources for the forward and aft attachment structures, the nose cone and the attach-
ment fittings costs were obtained {rom Boeing-Michoud, A summary of the resource
implication data obtained for the SRM stage are shown in Tables 5.0, 0.0-1II and

-IV and in more detail in Paragraph 5.4.
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5.

TABLE 5.0.0.0-III SUMMARY OF RESOURCES INPUT FOR THE SRM STAGE

TABLE 5.0.0.0-IV SUMMARY OF RESOURCES INPUT FOR THE SRM STAGE
(NOSE CONE, FORWARD AND AFT ATTACH STRUCTURE
AND FITTINGS - DATA PROVIDED BY BOEING MICHOUD

0

(Continued)

(SOLID MOTOR DATA PROVIDED BY AEROJET)

AMLLV MLLV
Tooling (Nonrecurring) $ 58,801,000 $41,941, 000
Facilities (nonrecurring) 67,667,000 45,100, 000

Total (nonrecurring)

Solid Motor (Recurring

$126,468, 000

$ 7,725,000

$87,041, 000

$ 6,102,000

Nonrecurring AMLLV MLLV
Tooling Materials $ 1,917,000 $ 1,848,000
GSE Materials 762,000 762,000
Facilities 3,230,000 3,230,000
Equipment 2,494,000 2,274,000
Development Test 139,987,000 120,170,000

Total Nonrecurring “

Dollars $148, 390,000 $128,284,000
Tooling Manhours (Nonrecurring) 1, 096, 000 1,056,000

Recurring AMLLV MLLV
Materials $ 1,218,000 $ 1,115,300
Facilities 208, 000 202,000

Total Recurring Dollars| $ 1,426,000 $ 1,317,300
Manufacturing Manhours (Recurlring) 301,168 247,000
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5.1 GUIDELINES AND ASSUMPTIONS

This plan is based on the MLLV design configuration presented in Volume II of this
final report on; Cost Studies of the Multipurpose Large Launch Vehicles - Half Size
(MLLV) Design, and NASA Document CR73154, Study of Advanced Multipurpose

Large Launch Vehicles - Technical Report. It was developed acco. ling to the follow-
ing guidelines and assumptions:

a. Production rate of two vehicles per year;

b. Saturn V/S-IC plans, processes, and tooling will be used for producing MLLV
(AMLLV) hardware wherever possible;

c. All tasks are planned on the basis of a two-shift, forty-hour work week;

d. The plan is based on LOX cleaning, for which techniques and processes have
previously been developed;

e. All subsystems functional and acceptance testing will be performed by the vendor
except as noted;

f. No provisions have been made for spares;

g. Make-or-buy determinations will be in consonance with precedents established
by the Saturn program;

h. Additional research and development will be required;

i, Systems installation will be accomplished in the horizontal and vertical assembly
positions, as dictated by accessibility and installation requirements;

j. Main stage engines will be installed with the vehicle in the horizontal position.
5.2 MAIN STAGE MANUFACTURING PLAN

The Manufacturing Plan shown below is apolicable to both the AMLLV and MLLV.
The AMLLYV data has been shown in parenthesis next to the MLLV data.

The MLLV (AMLLV) main stage is of a cylindrical, tandem tank configuration, approxi-
mately 56.7 (72) feet in diameter and 138 (158) feet high, Figure 5.2.0.0-1. The
propellant tanks are separated by a common bulkhead. The lower tank contains LHg,
while the upper tank contains the oxidizer, LOX.

Twenty-four LOX tunnels originate at the bottom (center) of this tank, and extend radially
downward through the LH,y tank penetrating the LHg tank bulkhead. LHq ducts

radiate frora an inlet fitting in the bottom of the LHg tank and also penetrate the LH,
bulkhead near the edge. The propellant and oxidizer lines are connected to twenty-four
engines that are mounted circumferentially near the base of the vehicle.




e——FORWARD SKIRT

LOX TANK

LH, TANK

ENGINES

CENTERBODY PLUG

y

FIGURE 5.2.0.0-1  CORE STAGE - AMLLV/MLLYV
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3.2 (Continued)

The main stage is constructed from 2219-T87 and 7075-T6 aluminum alloys. The
propellant tanks are made from 2219-T387 aluminum fusion welded into a cylindrical
shape. The forward and aft skirt sections are fabricated using 7075-T6 aluminum,
These sections are mechanically attached to the propellant tank assembly. The tubuwar
truss work is constructed as an integrated assembly and mechanically joins the aft
skirt and centerbody plug asscmblies of the stage.

The main stage of the MLLV (AMLLYV) is composed of the following major assemblies:

a. Forward skirt assembly;

b. Propellant tank assenbly;

Ce Aft skirt assembly;

d. Centerbody plug assembly;

€. Propulsion system and accessories;

f. Instrumentation and electrical components.

The fabrication, assembly sequences, and tooling for each structural assembly, a.
through d. above, are presented in this section. Upon final assembly, these structures
are mated and the instrumentation, electrical components and propulsion systems are
installed,

5¢2.1 Forward Skirt Fabr.cation and Assembly Procedure (Heavy Weight)

The forward skirt is an aluminum (7075-T6) mechanically fastened, skin-stringer-
frame structure. Ii is composed of eight (12) skin panel subassemblies, an inter-
mediate ring frame, 1 forward interface angle ring for forward attachment and a deep
ring frame. This deep ring frame reacts solid-motor stage thrust loads.

Each skin panel subassembly is fabricated from cylindrical skin segments and hat
section stiffeners. When SRM stages are used, a thrust post is located at the vertical
centerline of each of the eight (12) panels.

Both intermediate and deep ring frames are comprised of a bonded honeycomb web
mechanically fastened to inner and outer T-chords. The deep frame is about 60 (87)
inches from the inner to the outer diameter, while the intermediate frame has a cor-
responding dimension of 20 (23) inches, These frames are built up from eight (12)
rolled arcs mechanically fastened to form a ring. This ring, like the ring frames,
is assembled in place on the major assembly fixture, Figure 5.2. 1.,0-1.

3.2.1.1 Forward Skirt Subassemblies (Heavy Weight)

Skin Panels — Forward, center, and aft skins are trimmed from flat sheets and rolled
to the proper curvature, Hat sections are cut to length from :luminum extrusions and
hot- joggled on a press at each end to permit attachment to the LOX tank Y-ring for-
ward flange and the forward angle-ring. The holddown posts are rough machined from
a forged block, heat treated, and machine finished. Machining is accomplished on a
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5.2.1.1 (Continued)

numerically controlled mill. All detail parts are degreased, alkaline cleaned, alo-
dined, and primed prior to assembly.

The forward, center, and aft skins are then loaded into the skin panel subassembly
fixture, Figure 5.2.1.1-1, along with the formed hat section stringers and holddown or
thrust fitting. Parts and drill plates are clamped into position and approximately
10,000 attach holes are drilled with automatically fed pneumatic drills. Parts are then
removed from the fixture and deburred, then loaded into the fixture and fastened.
Fastener heads are touched-up with primer, and the completed assembly is removed
and stored for subsequent use. Figure 5.2.1.1-2 depicts the skin panel assembly
sequence.,

Intermediate and Deep Ring Frame Segments — Ring-frame, web-face sheets and un-
formed Z-section flat strips are cut to size. The face sheets are loaded into a track
router fixture, similar to that shown in Figure 5.2.1.1-3, and trimmed net. The Z-
section strips are rolled to the Z-shape and subsequently rolled to curvature. The
7_sections are then sawed to length and trimmed net. Face sheets and Z-sections are
deburred, alkaline cleaned, rinsed, cleaned ina hot deoxidizing solution, rerinsed, and
dried. Surfaces to be bonded are sprayed with an adhesive primer. The adhesive film
is applied to these surfaces just prior to bonding.

Honeycomb cores are placed on a track router fixture equipped with a combination
polyglycol/vacuum chuck, Figure 5.2.1.1-3, profiled to net size, and chamfered.
The honeycomb is stabilized on the edges with solidified polyglycol during machining.
The polyglycol is then rinsed from the honeycomb with hot water, and the honeycomb
cores are degreased end dried.

7-sections, face sheets and honeycomb core are placed into the ring segment bonding
fixture. A vacuum bag is placed over the assembly to apply even pressure to the face
sheets. The entire assembly is moved into an autoclave for the curing cycle. When
pressure is reached on the outer surface of the assembly, the vacuum side is vented
to the atmosphere. When the adhesive has cured, the fixture is removed and the part
cooled. The web assembly is then conversion coated and spray primed.

The inner and outer T-chords are made from extiruded T-sections which have been
rolled to contour and rough machined on a boring mill. The sections are heat treated.
reinstalled on the mill, and machine finished. They are then degreased, cleaned.
conversion coated, and spray primed.

The inner and outer chords, bonded web assembly, and drill plates are placed into a

ring scgment subassembly fixture, Figures 5.2.1.1-4 and 5.2.1.1-5, and clamped

in place. Fastener holes are drilled, then the parts are removed, deburred, and replaced
in the fixture. All fasteners are installed which join the inner and outer chords to the

web assembly. Rivet heads are then touched-up with primer.

Figure 5.2.1.1-6 illustrates the above assembly sequence.
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POLYGLYCOL CHUCK
COMBINED WITH VACUUM

GUIDE RAIL
TYPICAL TWO PLACES

TRACK ROUTER

SERVICE LINES

FIGURE 5.2.1.1=3 TRACK ROUTER TABLE WITH POLYGLYCOL CHUCK
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INTERMEDIATE RING SEGMENT SUBASSEMBLY FIXTURE

FIGURE 5.2.1.1-5
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5.2.1,1 (Continued)

Interface Ring Frame Segments — The interface ring frame is composed of 12 seg-
ments. These segments are made from extruded aluminum, angle rolled to contour.
They are vlaced on a boring mill, rough mackined, removed and heat treated, rein-
stalled on the mill, and machine finished. The segments are then degreased, cleaned,
conversion coated, and spray primed, Figure 5.2, 1.1-7.

Backup Fittings — A backup fitting is installed at each ring-frame segment splice,
and serves as a splice plate and additional stiffener at these locations. There is a
backup fitting located next to each holddown or thrust post. Each of these has a
recess to accommodate the shear pin retainer fitting.

This backup fitting is fabricated from an aluminum die forging, rough machined on a
numerically controlled mill, heat treated, and machine finished. It is then degreased,
cleaned, conversion coated, and primed, Figure 5.2,1.1-7,

Shear Pin Retainer Fitting — This fitting provides a recess for the holddown-arm
shear-pins, It is fastened directly to the holddown post on the inside of the assembly.
The shear rin retainer fitting is fabricated {rom an aluminum die forging, rough
machined on a numerically controlled mill, heat treated, and machine finished. It is
then degreased, cleaned, conversion coated, and primed, Figure 5.2.1,1-7,

5.2,1.2 Forward Skirt Final Assembly (Heavy Weight)

The forward skirt is assembled in an inverted vertical position. This permits firm
tooling at the base of the assembly fixture, Figure 5.2.1.0-1, for controlling the
interface attach hole pattern and station plane. If the assembly were built upright,
the interface ring tooling would need to be removable to clear the deep ring frame
when lifting the assembly from the fixture.

All ring frame segments, back-up and shear pin retainer fittings along with drill
plates are loaded into the assembly fixture. Approximately 1000 (2400) holes are
drilled to make ring splices. These parts are then removed, deburred, reinstalled
in the assembly fixture, and permanently fastened.

skin panel subassemblies, interface angle-ring segments, panel-splice doublers,

and hat sections are positioned in the fixture, indering to the completed ring frames
and simulated Y-rings. Using drill plates, the attach holes common to the ring
frames and skin assemblies (also interface angle-ring ond skin assemblies) are
drilled. The panels are removed and deburred, then relocated and permanently fas -
tened, Fastener heads are touched up with primer. Lifting lugs are installed, and
the forward skirt is removed from the fixture and inverted on the forward skirt in-
verting tool, Figure 5.2.1.2-1, Miscellaneous bracketry, access doors and umbilical
frames are also installed. The final assembly sequence is depicted in Figure 5.2,1.1-7, i
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INVERT 180°

FORWARD SKIRT

POWER ROTATION
SWITCH

) TURNING FIXTURE

FIGURE 3.2.1.2-1 FORWARD SKIRT INVERTING FIXTURE
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5.2,1,3 Forward Skirt (Lightweight)

~he forward skirt described above in Paragraphs 5.2.1.1 through 5.2.1.2 is the
heavyweight forward skirt used with the vehicle configurations employing strap-on
SRM stages. For the single-stage-t>-orbit vehicle and the main stage-plus -a-single-
module-injection-stage vehicle, a lightweight forward skirt is used.

This skirt is fabricated in the same manner as the heavyweight forward skirt. The
differences between the lightweight forward skirt and the heavyweight forward skirt
are as follows:

a, The heavyweight forward skirt employs heavier skin and stiffener material
gage thickness to withstand the increased axial loads;

b. The heavyweight forward skirt has four ring frames (one deep frame and
three intermediate frames) while the lightweight forward skirt has three
ring frames (one deep frame and two intermediate frames);

c. The heavyweight forward skirt has eight thrust posts for the MLLV [12 thrust
pests for the AMLLV]to react the SRM strap-on stage loads. The lightweight
forward skirt has holddown posts. The large thrust of the SRM requires that
the thrust posts be considerably larger than the holddown posts.

The three differenc=s shown above result in a significant increase in the forward skirt
weight, These afferences, however, do not impact the manufacturing plan for the
forward skirt significantly. The description of the forward skirt, the manufacturing
flow process, the tooling, capital equipment, materials of construction, fabrication
methods and manufacturing schedules are nearly identical.

5.2.2 Propellant Tanks

The propellant tank is primarily a welded aluminum (2219-T87) structure employing
welded T-stitfeners in the cylindrical sections. It is composed of upper and lower
elliptical bulkheads welded from bulge formed gore segments and an insulated honey -
comb, semi-elliptical common pulkhead. LOX is contained between this bulkhead and
the upper bulkhead, while the space below the common bulkhead is the LHy tank. An
anti-vortex cruciform baffle is located immediately above the inner face sheet of the
common bulkhead and immediately above the LHg tank lower bulkhead. Cantilever-
ring baffle assemblies extend inward from the common fitting ring of the common
bulkhead and the welded T-stiffeners of the LHy tank, Twenty-four LOX tunnels feed
through the LHy tank from z LOX duct manifold fitting in the center of the common
bulkhead and penetrate the LH, tank lower bulkhead in the vicinity of each engine.
LHg feed lines c¢inanate from a fitting in the bottom center of the lower bulkhead and
extend radially inside the LHy tank penetrating the bulkhead near each engine. The
tunnels are tied together inside the LHg tank and braced with high-strength tension
rods a‘tached to collars which surround each tunnel, (NOTi': The twenty-four LOX
and Lflo lines are required with the multichamber/plug prop ‘1sion system. Only
cight LOX and LHy lines are required with the toroidal/aerospike propulsion system.)
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5.2,2,1 Bulkhead Description

The propellant tank consists of three oblate semi-elliptical bulkheads; the upper
bulkhead which forms the top closure of the LOX tank, the lower bulkhead which
closes the bottom of the LHg tank and the common bulkhead which separates the two
tanks., Each upper and lower bulkhead is made from 16 [20] constant thickness (except
for weld lands) 2219-T87 aluminum gore assemblics, a polar cap, and a machined
ring, Use of 16[20]gore assemblies permits the use of sheet sizes less than 12 feet
wide per gore., The common bulkhead is a honeycomb structure with two aluminum
face sheets, fabricated in a manner similar to the other bulkheads. These face sheets
do, however, differ from the upper and lower bulkheads in that they are thinner, and
their bases have short conical sections. One of the sections is welded to the common

fitting ring and the other is adhesively bonded and mechanically fastened to the common
bulkhead Y-ring.

Gores — The base gore and apex gore sections of the upper and lower bulkheads are
machined in a flat pattern on an NC skin-mill, The titting bosses are machined as
integral parts of the sections. These flat gore sections as well as the common bulk-
head face-sheet gore sections are bulge formed on bulge-form dies and heat treated
on heat-treat fixtures to the T-87 condition. Gores may also be fabricated by first
bulge forming and then chemical milling,

The formed apex and base gores are then vapor degreased and all rough fitting cutouts,
such as the LOX tunnel and LHg duct penetrations of the lower bulkhead, are made if
applicable.

A hoisting tool loads the gore onto a trim and weld fixture where it is located by tool -
ing holes left in the excess material provided on all sides. The cutout is finish routed
to net size using a router fixture located by a check gage. Fittings are then located in
the gore cutouts and welded.

Following fitting welds, the gore is heat treated and the fittings are drilled and tapped
for helicoil insertion, The gore is then cleaned and conversion coated.

Using a hoisting tool, the apex and base gores are located into gore trim-fixtures
where their mating edges are outer trimmed net. They are then placed on a welding
fixture and welded. All welds are X-rayed while on this fixture, The gore assemblies
are then placed on a trim fixture equipped with router tracks, Figure 5.2.2.1-1, and
trimmed net,

Polar Cap — The polar caps are fabricated on a standard boring mill from flat stock,

Rings — The upper and common bulkhead Y-rings, as well as the common fitting ring
and junction fitting ring are fabricated from eight 2219-T87 aluminum billets rolled to
contour and welded into a complete circle. The welds are X-rayed and repair:d as
required. Each ring is placed on a Niles type 57 [72]foot diameter boring mill and
turned to shape,
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FIGURE 5.2.2.1-1 TRIM FIXTURE




5.,2,2,1 {Continued)

Honeycomb Cores — The 5052 aluminum alloy honeycomb core is purchased in the
thickness, size, and shape requ:red for direct application to the bulkhead, Cutting
and trimming of the core is thus minimized. The proposed flexible core will conform
to the bulkhead contour with only hand pressure, so that no preforming will be neces -
sary.

5.2,2,2 Bulkhead Assembly

The gore assemblies are placed one by one ona turntable and tne meridiar welds made
using a suitable weld fixture, Figure 5.2.2.2-1. Each weld is X-rayed on assembly
and repaired as needed.

Because of weld shrinkage, it will be necessary to trim the last gore assembly to fit.
If trial shows that weld shrinkage is excessive, measurements will be made more fre-
quently and compensating adjustments made on preceding gores prior to fitting the last
gore,

When the welds are made and X-rayed, the head assembly is moved to the bulkhead
skirt trim station which consists of a turntable, holding fixture, and router. The base

of the head is then routed net,

Using a suitable handling ring, the Y-ring is now placed on the turntable of a combina-
tion Y-ring-to-bulkhead and polar-cap weld station, Figure 5.2.2,2-2, The head
assembly is placed over the Y-ring and aligned. A polar-cap holding pedestal is located
in the center which is capable of being raised and lowered.

The head assembly is welded to the Y-ring, using a boom weld fixture. The weld is
then X-rayed and repaired as required, The polar-cap welding station is then raised
against the bulkhead, and the polar cap is welded in place and X-rayed.

The bulkhead is dimensionally inspected by optical means prior to movement from this
station thus eliminating another station with tarntable. The foregoing assembly steps
are depicted in Figure 5-2, 2, 2-3.

5.2,2.3 Common Bulkhead Assembly

The common bulkhead, upper face-sheet is fabricated convex upward in the same
manner as described for the upper and lower bulkheads. The common fitting ring is
also welded to the skirt of the upper face-sheet in 2 manner similar to that employed
in welding the rings to the upper and lower bulkheads.

The common bulkhead is constructed of aluminum skins adhesive bonded to aluminum
Flexcore. * The aft side of the bulkhead is exposed to LHg while the other is in con-
tact with LOX.,

Incompatibility of adhesive materials with LOX dictates a continuous welded, metallic
surface on the LOX side, Thus the inner or LOX skin is completely welded. All weld

* Trademark of Hexcel Froducts, Inc.
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0.2.2.3 (Continued)

beads are ground tlush on the surface in contact with the hoaeycomb core. This is
accomplished prior to prebond cleaning. The prebond cleaning operation is in accord
with the standard industry accepted methods for cleaning aluminum for adhesive bond-
ing — wlkaline cleaning and deoxidizing with applicable rinse cycles, Areas which ave
excessively contaminated are hand solvent-wiped prior to prebond cleining. Cleaning
is performed only on the surface to be bonded.

The bulkhead skin-assembly is thoroughly dried and an adhesive primer is avplied to
prevent oxidization and provide time for subsequent operations,

The primer dries at room temperature or slightly above, approximately 100 degrces .
supplementary heat is provided by simple portable units traversing the primed surface,
It is necessary that the primed surface be protected from airborne aud other contami-
nants,

A film adhesive is applied to the primed skin, providing a uniform surface on which
degreased Flexcore is laid. After the core panels (approximately four by eight feet)
are positioned on the adhesive film, core-splice adhesive is placed between adjoining
panels, This adhesive will flow, or foam, during the cure cycle, establishing a bond
between panels, The lower bulkhead skin, LH, side, is fabricated from unwelded gore
sections. These are cleaned, primed, and the film uchesive applied prior to position-
ing over the heneycomb core. The skins, which are butted together, are spliced by
doublers bonued over the joints, These splice bonds are accomplished in the same
manner as above. Details are held in position by heat tracking the adhesives, taping,
and locating pins, The completed common bulkhead Y -ring with film adhesive applied
is now mcved into position onto the common bulkhead with the Y-ring handling fixture,
aligned, and mechanically fastened, Figure 5,2.2.3-1,

Bwkhead adhesive curing is accomplished using a tempercture of approximately 250
degrees F and a pressure of 50-100 psi. The base for the lower concave surface is
provided by a minimum support structure, The bulkhead is completely bagzed on the
LH, surface and sealed along the periphery of the LOXN surface. This provides a com-
plete seal to permit evacuation of the core and to prevent positive pressure from en-
tering the core., When the autoclave facility is pressurized, a pressure differential of
50-100 psi is established across the sandwich panel, reswting in intimate contact
between the face sheets and core during the cure cycle.

After cure, the Y-ring and common fitting ring are drilled for fastcning. Holes are
located by optically indexed drill plates. Next, plastic foam is pumped through these
holes into the cavity between the Y-ring, cominon fitting ring, and honeycomb, After
the foam has sect,the Y-ring and common fitting ring are joined with Jo-bolts.

After joining the common fitting ring to the ¥ -ring, polyurethane foam is applied to
the 1.Hy side of the common bulkhead in the ensuing manner. The face sheet is etched
with sodium dichromate and sulphuric acid, rinsed, 1nd hot air dried. A coat ot
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0.2,2.3 (Continued)

primer is then applied and allowed to dry. The foum is applied, cured, then sanded
smooth. The final operation is the application of a coat of polyurethane resin,

At this point, the cruciform baffle is installed, then the completed bulkhead is moved
on a transportation dolly to the vertical assembly area.

Every fabrication method for the common bulkhead which has been investigated portends
problems which may materiadi.e when actual hardware is built. A problem which may
be encountered with the above method is the possible entrapment of hydrogen in the
honeycomb core which has seeped through the bonded joints. Because this bulkhead is
further insulated or the LHy side, and because a greater bond area must be permeated
than on a corresponding welded structure, this method is deemed feasible, The com-
mon bulkheac assembly sequence appears in Figure 5, 2.2, 3-1.

5.2.2,4 Skin Pauels

Present techniques for fabricating large cylindrical containers call for welding rolled
skin panels into rings, then stacking and welding the rings together, Though satis-
factory, this method involves u great deal of welding, much of which is horizontal,
Horizontal welds have certain inherent disadvantages such as a tendency toward under-
cut and other flaws. To minimize welding and reduce the amount of horizontal welding,
the baseline manufacturing approich will use 30[40}skin panels approximately 33 (50)
feet long for the LH, tank section, With the new skin mills now available, which have
a capacity of 100 feet, this is well within the state-of-the-art, The 1.OX tank section,
having only a very short cylindrical section, presents no problem.

Aluminum alloy skins, 2219-T87, approximately 50 feet long by 12 feet wide by 2 inches
thick are transperte:d by flatcar from the manufacturer to the fabrication site, Strong-
back handling fixtures are attached to the skins and they are transported on a dolly to
the NC skin-milling area where longitudinal stiffener webs and weld lands are ma-
chined. The skins are then placed aboard the transportation dolly and sent to the
T-section weld-station where extruded 2219-T87 aluminum T-sections, which have
been stretched and faced along the weld surface, are located with suitable fixturing

into position against the stiffener webs.

Butt welds are made using the out-of-vacuum electron beam welding technique, X-rayed,
and repaired as needed, This is ar advantageous approach in that no filler metal is
required, only one weld pass is necessary, and the weld nugget is so small that there

is negligible weld shrinkage, 7Tae inherent disadvantages of horizontal welds are not
present with this weld method,

Wwelded skin panels are then transported to an aging oven, whera2 a heat-treat tixture
i used to form the radius. Allowance is made for springbackh. The panels are then
removed from the oven and placed on a trim fixture where the skins are trimmed to
proper length and width. The trimmed skin is then placed on a check fixture and
dimensionally inspected. After inspection, the skins are cleaned, dye-penetrant
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3.2.2,4 (Continued)

inspected, and conversion coated, The LOX tank skins are fabricated by a similar
method, Vertical tank skir fabrication is shown in Figure 5,2,2, -1,

53.2.2.5 Baffles

The propellant tank assenibly includes cruciform baffle assemblies located in the
bottoms of the LOX and LHo tanks and intermediate ring baffle assemblies in the 1.OX
and LH,, tanks.

Cruciform Baffles — The cruciform baffles are constructed from tubular struts
welded into two crossed trusses with a common center post. These trusses attach to
the bulkheads in four places, two places each truss, For example, on the common
bulkhead the ends of the trusses fasten to the common fitting ring. A fine, wire-mesh
web extends between the tubular members to retard movement of propellant within the
tanks and to inhibit vortex formation. The cleaned and conversion-coated, cruciform
members are located into an assembly fixture and welded together. The wire mesh is
cut to size, cleuned and fastened to the truss structures. The entire assembly is then
sent to the bulkhead assembly area, Figure 5.2.2,5-1, The cruciform baffles for
both tanks are assembled in a similar manner,

Ring Baffle Segments — Ring-baffle web face-sheets and unformed 7 -section flat-
strips are cut to size. The face sheets arc loaded into a track router fixture and
trimmad net. The Z-section strips are rolled to the Z-shape and subsequently rolled
to curvature. The Z-sections are then sawed to length and trimmed net. Face sheets
and Z-sections are deburred, alkaline cleaned, rinsed, cleaned in a hot deoxidizing
solution, rerinsed and dried, Surfaces to be bonded are sprayed with an adhesive
primer. The adhesive film is applied to these surfaces just prior to bonding.

Honeycomb core panels are placed on a track router fixture that is equipped with a
combination of polyglycol /vacuum chuck, profiled to net size and chamfered. The
honeycomb is stabilized on the edges curing machining with solidified polyglycol. The
polyglycol is then rinsed from the horeycomb with hot water and the honeycomt cores
are degreased and dried,

Z-sections, face sheets and honeycomb core are placed into the ring-segment bonding -
fixture. A vacuum bag is placed over the assembly to apply even pressure to the face
sheets. The entire assembly is moved into an autoclave for the curing cycle. When
pressure is reached on the outer surface of the assembly, the vacuum side is vented to
the atmosphere. After the adhesive has cured, the fixture is removed and the ring
segment is allowed to cool, The web assembly is then degreased and conversion coated.

The inner and outer T-chords are made fromn extruded T-sections which have been
rolled to contour and rough machined on a boring mill. The sections are heat treated,
reinstalled on the mill, and machine finished. They are then degreased and conver-
sion coated.
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FIGURE 5.2,2.5-1 CRUCIFORM BAFFLE ASSEMBLY
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5,2.2.5 (Continued)

The inner and outer chords, bonded web-assembly and drill plates are placed into a
ring-segment subassembly fixture and clamped in place. Fastener holes are drilled
then the parts are removed, deburred and replaced in the fixture, All fasteners which
join the inner and outer chords to the web assembly are installed.

The ring baffle which attaches to a flange on the common fitting ring inside the 1.OX
tank is not made of bonded honeycomb but is simply an inner T-cap riveted to a web
stiffener with 2219 -T87 aluminum angle riveted radially to the web. These segments
are assembled in a conventional manner with tooling similar to that used for all other
ring baffles,

Backup Fitting — The backup fitting is installed at each ring segment splice and
serves as a splice plate and additional stiffener at these locations.

mill, heat treated and machine finished. It is then degreased, cleaned and conversion
coated,

5.2.2.6 LOX Tunnel

The LOX tunnel interior skin is produced from a single aluminum tube purchased to
the required diameter, The tube exterior is cleaned using industry accepted cleaning
methods. Portable or modular cleaning booths will be required due to the length of

the tube. The tube is dried and adhesive primer is sprayed on the surface and dried.
Film adhesive is applied to the primed surface and tacked in place. Aluminum Flexcore
is then placed over the adhesive and core-splice adhesive is placed between the various
core panels, Exterior skin panels, in manageable lengths, are cleaned and primec
and the film adhesive is applied to the interior surface. The adhesive coated panel is
then placed around the honeycomb to form the tunnei exterior skin. The skin panels
are placed in position to form butt joints in areas different from those of the core
splices. The entire assembly is ihen vacuum bagged so that autoclave positive pres-
sure is exerted on all interior and exterior surfaces of the tunnel assembly. End
fittings are preassembled on simple tooling prior to the assembly sequence described
above, Splice doublers are bonded around the skin butt joints in a separate operation,

This fitting is fabricated from an aluminum die forging, rough machined on an NC '

The length of the tunnel is such that the tunnel must be bonded in two equal length

sections incorporating necessary joint members for joining to form a complete tunnel,

This is necessary to permit use of the bulkhead autoclave facility. Several tunnel ‘
sections may be bonded during each cure cycle, The tunnels are spray -foamed by

rotating them while moving the spray leads laterally at a prescribed constant rate.

3.2.3 Propellant Tanks Final Assembly

The propellant tank is made in two sections; an upper section containing the upper t
bulkhead, common bulkhead, LOX tank cylindrical section, cruciform baffles, and

one 38 (50) foot LHy cylindrical section; and a lower section consisting of a 38 [50]
foot cyrindrical s~cticn, ring baffles, lower bulkhead, cruciform baffle, and LH, feed

—
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53.2.3 (Continued) |

lines, These LH, feed lines emanate from a fitting in the bottom center of the LHy |
__ bulkhead and extend radially inside the LH2 tank penetrating the lower bulkhead near

. each engine. Twenty-four LOX tunnels feed through the LHy tank from a common
fitting, LOX duct manifold, in the center of the common bulkhead and penetrate the
LHy tank lower bulkhead in the vicinity of each engine. These tunnels are tied together
inside the LH, tank and are braced with high-strength tension rods attached to collars
which surround each tunnel, Each collar has a radial clearance of approximately
1/4-inch between collar and a rub ring attached to the duct. These loose collars,
which are rigidly held in place by tension rods, act as radial dampers to inhibit vibra-
tions, The lower cylindrical section, with ring baffles installed, is welded atop the
lower bulkhead, with cruciform baffle installed, thenthe 24 LOX tunnels are installed.
The common bulkhead, with cruciform bzffle installed, is welded atop the upper cylin-
drical section. The LOX cylindrical ring is then welded to the common fitting ring,
the ring baffle installed, and finally the upper bulkhead is welded to the LOX skin. The
upper section is then placed atop the lower section and the closeout, circumferential
weld is made at the junction of the two 38 (50) foot cylindrical sections., These opera-
tions are shown in Figure 5,2, 3, 0-1,

3.2.3.1 Upper Tank Section

Cvlindrical Section Assembly — Tank skins with strongbacks attached are delivered
r on a transportation dolly to the vertical assembly building, Figure 5.2.3.1-1. Here
the skins are transferred from the strongbacks to vacuum-chuck fixtures which
accurately maintain skin contour and minimize longitudinal camber, Figure 5.2.3.1-2,
. Two skins are raised into position on the asserbly fixture turntable and the bottom
3 edges of the skins are lowered into skin shoes. The edges of the skins are aligned
optically, sighting against offset targets located at the top and bottom of each skin, Tne
- first skin is held in place with a vacuum chuck and truss bottom attached on one end
; at the center of the turntable. The other end of the boom attaches to a clamp at the center,
) top, edge of the skin. A irnbuckle near the base of the boom will allow adjustment of
hoom length to establish normalcy of the skin in the radial plane. Adjustment in the
shoes will permit vertical alignment in the plane tangent to the arc of the skin. The
second skin is located adjacent to the first skin and optically aligned. Adjustment is
made in the skin shoe as before and radial verticality is established by adjusting the
length of an arm clamped to the top of the skin. The other end of the arm is attached
to a fixed tower located outside the skin cylinder. This same tower has a post with
rack and pinion arrangement to permit vertical travel of a router/welder hoom having
a personnel seat, The two skins which have not been aligned are simultaneously routed
vertically. The second skin is moved laterally to butt against the first and then re-
aligned, An out-of-vacuum electron beam welder replaces the router, and the weld
is made with one pass. The turntable is re-indexed and a third skin with vacuum chuck
is installed, It is aligned and welded as before. Optical angular measurements are
made wich the addition of each skin to continually adjust for compounded error, The
fourth skin utilizes the vacuum chuck which was removed from the second skin and so
on around the cylinder, so that only three vacuum chucks are necessary. The sixtn
skin is held with another hoom in the same manner as the first. There are four hooms
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FINAL ASSEMBLY POSITI!ON
TANK ASSEMBLY POSITIONS
PICKUP AND CLEANING POSITION

HYDROSTATIC TEST
TANK ASSEMBLY POSITION

1
2
3
4
5

FIGURE 5.2.3.1-1 VERTICAL ASSEMBLY BUILDING
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5.2.3.1 (Continued)

located 90 degrees apart, Following the last vertical weld, all welds are X-rayed and
repaired as required. When the cylinder is closed the router is raised to the top of
the cylinder, the cylinder is rotated, and the top edg " is trimnied. The base of the
cylinder is also routed in a manner similar to the bulkhead skirt trimming operation.
When the skin cylinder is completed, the booms are removed and 24 tooling bars, with
locating holes at cach ring-batfle station, are installed vertically at equai distances
apart behind the welded T-stiffeners and clamped into position. Access is provided
by a personnel platform which is lowered by three synchronous winches into the cylin-
der. The platform is equipped with shock bumpers to prevent damage to the vehicle,
Detachable gussets are located by tooling bar holes and clamped into position. The
ring-baffle segments are placed in position on the gussets, drilled in place, removed,
deburred, replaced, and mechanically fastened. When all segments are installed,
they are then spliced together with backup fittings.

The gussets are removed, and the personnel platform raised to the next set of tooling
holes on the tooling bar, The above steps are then repeated. This is continued until
all rings are installed in the cylindrical section. The completed cylinder is moved to
a pickup position using a special handling ring.

LOX Tank Assembly, Common Bulkhead Buildup — The common bulkhead is inverted
on the bulkhead inverting tool, and the cruciform baffle lowered into position, It is
then mechanically attached to the common fitting ring, upper face-sheet, and LOX
manifold fitting at the points provided. The assembly is then moved to a pickup posi-
tion where it is then placed atop the upper LHg cylindrical section and welded in place.

LOX Tank Assembly, Cylinder Assembly — The LOX tank cylinder is constructed in
a manner similar to the large LHy cylindrical section except that elaborate holding
devices such as the vacuum chucks and center booms will not be necessary.

LOX Tank Assembly, Cylinder to Common Bulkhead Assembly — The LOX tank
cylinder is then placed on the common bulkhead, aligned, and welded to the common
fitting ring. At this point, the ring-baffle assembly is located within the LOX cylin-
drical ring and mechanically fastened to a flange on the common fitting ring.

LOX Tank Assembly, Closeout Weld — The upper bulkhead, which has been com-
pleted prior to delivery to the VAB, is placed atop the LOX cylinder and the mating
edges are held together with clamps, Figiure 5. 2,3.1-3. The joint is tack welded,
clamps removed, circumferential weld made, X-rayed, and repaired as needed,

5.2.3.2 Lower Tank Section
Lower LHo Cylindrical Section — The lower cylindrical section is identical to the

upper cylindrical section. It is assembled as previously described and moved to a
pickup position.,
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5.2,3.2 (Continued)

Lower Bulkhead Buildup — The lower bulkhead with LOX and LHg ducts installed is
inverted and lowered onto the turntable with support fixtures, Figure 5. 2. 3. 2-1,
Installation of the LH, manifold and cruciform baffle is then accomplished.

Lower Bulkhead to LHp Cylindrical Section Assembly — Upon completion of the lower
bulkhead buildup, the completed lower cylindrical section is moved from the pickup
position and lowered onto the lower bulkhead, junction fitting ring and welded as
before. Each honeycomb LOX tunnel is raised from the horizontal to an inclined posi-
tion. It is supported at the proper angle by a handling fixture which aitaches to each
tunnel collar. & is lowered into the lower tank section and attached at the base fitting.
Tension rods are installed between the side wall and each collar. Each handling
fixture attach-hook is then removed. All tunnels are installed in this manner and the
top bellows are fastened to the manifold fitting which will mate with the adapter fitting
of the common bulkhead, Using a cherry picker type crane with bumper interlocks to
prevent damage to the vehicle, all succeeding tension rods are installed and turn-
buckles torqued to a predetermined value.

5.2,3.3 Upper to Lower Section Assembly

The upper section is placed atop the lower section, optically aligned, clamped into
position, circumferentially welded, and X-rayed. During the mating operation, the
LOX manifold fitting is guided and nested into the common bulkhead adapter fitting
and attached.

The completed propellant tank is now moved with a hoisting fixture to the hydrostatic
test position where operational pressure simulation is applied by using differential
water levels inside and outside the tank.

5.2.4 Aft Skirt

The aft skirt section is a mechanically fastened assembly consisting of skin-panel
subassemblies, thrust posts, intermediate-ring segments, thrust-ring segments,
inner splice-plates, centerbody plus post-attach fittings, and oxidizer/fuel pressuri-
zation manifolds with their respective attach fittings.

Each of the skin panel subassemblies consists of a single preformed 7075-T6
aluminum sheet. Twenty hat sections extending the full length of the panel, are
mechanically fastened to each skin panel. Each hat section is reinforced with outer
splice-plates at the upper end of the skin panel to provide additional strength at the
lower bulkhead Y-ring attach points, An inner splice-plate is also used in final
assembly to provide an interface surface between the rear of the lower bulkhead
Y-ring and the skin panel inner surface.

The intermediate ring is assembled in the final assembly fixture using the pre-

formed segments. Fach segment is mechanically fastened to the inner side of the
thrust posts.
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5.2, 4 (Continued)

The lower thrust-ring assembly forms the base of the aft skirt structure when its
cight ring segments are positioned and joined in the miajor assembly fixture.

Both the intermediate and thrust-ring segments are constructed of inner and outer
rolled aluminum T-chords, The bonded honeycomb web segments are mechanically
fastened to the inner and outer caps.

5.2.4.1 Aft Skirt Subassemblies

The aft skirt is comprised of four subassemblies which are discussed in the following
parvagraphs.

Skin Panels — Aft skirt skin panels are rough cut, then rolled to the proper curva-
ture from raw sheet stock. Hat sections are cut to length from extrusion stock, and
hot formed with the proper end upset for correct alignment with the lower bulkhead
Y-ring. Skin panels, hat sections, and outer splice-plates are loaded into the skin
panel subassembly fixture, Figure 5.2.4.1-1, Fastener holes are drilied with the aid
of drill plates and automatic air-feed drillmotors. All parts are removed, deburred,
cleaned, and reloaded into the fixture. Hat sections are then clamped to the skins

and permanently fastened, Outer splice-plates are located, pilot drilled, and fas-
tened in place using cleko fasteners. Final attachment of this item will be accom-
plished in vertical assembly with the lower bulkhead Y-ring. Personnel platforms,

as shown in Figure 5. 2. 4. 1-2, will be used to provide access to the upper extremeties
of the subassembly fixture, These platforms are portable and are moved away when the
completed skin panel is removed and placed on a transport/storage dolly with a hoist-
ing sling similar to the one shown in Figure 5.2, 4.1-3.

Thrust and Intermediate Ring Segments — Due to their similarity in design, fabri-
cation of the thrust and intermediate rinz segments is essentially the same. The
inner and outer T-chords, Z-strips, and upper and lower face-sheets are cut to size
and rolled to the proper curvature as required. A track router similar to the one
shown on Figure 5.2, 4, 1-4 will be used to trim the face sheets. All access holes for
LOX and fuel lines will be made in this fixture. All face sheets, T-chords, and Z-
sections are deburred, alkaline cleaned, rinsed, recleaned in a hot deoxidizing solu-
tion, rerinsed, and then dried. Rough formed honeycomb cores arv also placedina
track router. A combination vacuum/polyglycol chuck is used to hold the structure
firm while excess material is removed. When all cutting and routing operations are
completed, the hardened polyglycol is rinsed away with hot water. Completed honey-
comb sections are once again degreased and dried. Adhesive primer is then applied
to those surfaces which are to receive a bonding agent.,

Final assembly of the ti.rust ring segments is accomplished in a fixture similar to that
shown on Figure 5.2.4.1-4.

A hoisting sling, Figure 5. 2.4.1-6, is used to load Z-sections into the ring segment
bonding fixture. Face sheets ire coated with an adhesive bonding agent, and loaded into
the fixture along with LOX and fuel fitting rings (similar to procedure used for the thrust
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FIGURE 5.2.4.1-5 LOWER AND INTERMEDIATE RING ASSEMBLY FIXTURE
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FIGURE 5.2.4.1=6 RING FRAME WEB ASSEMBLY HANDLING FIXTURE
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5.2.4.1 (Continued)

ring segment) and other miscellaneous attachments, A vacuum bag placed over the

face sheets provides the force necessary to assure a permanent bond, The entire
assembly is then moved to the autoclave where the curing cycle is completed. When
prescribed curing time has expired, the assembly is removed and allowed to cool.

The honeycomb web is loaded into the segment assembly fixture, Figure 5,2,4,1-5. The
honeycomb web is positioned and all attach holes are drilled, using drill plates and
automatic air-feed drills.

When the attach holes are completed, parts are removed, deburred and replaced in
the fixture. Only those fasteners that are common to the T-chords and web assembly
are installed,

Rivets are touched-up with primer prior to removal to a transport/storage dolly.
This assembly sequence is shown on Figure 5.2.4.1-7.

Engine Thrust Posts — The 24 thrust posts are each fabricated from a 7075-T6
aluminum forging on a NC milling machine. The finished thrust posts are cleaned,
primed, and stored for future assembly in the final assembly jig.

Inner Splice-Plate — Each of the inner splice-plates is rolled to curvature from an
aluminum forging, rough machined on a NC mill, heat treated, and machine finished
to correct for distortion. When its dimensions are verified, the splice plate is de-
greased, cleaned, alodined, primed, and placed on a transport dolly. This manu-
facturing sequence is shown on Figure 5.2, 4. 1-8,

5.2.4,2 Aft Skirt Final Assembly

The aft skirt is assembled in the vertical upright position. This is accomplished in a
fixture designed to provide complete support for the thrust-ring segments before they
are joined with splice plates. This method eliminates the need for a separate assem-
bly fixture and the associated transport equipment required to move the completed
thrust ring to the core stage final assembly station.

The thrust-ring segments are loaded into the final assembly fixture. Drill plates are
located over the splice-plate stations. A broken-arm drill is used to line bore the
attach holes. The drill plates and splice plates are removed. Holes in the splice
and ring segments are deburred and inspected prior to assembly with the required
fasteners. The thrust posts and intermediate ring segments are loaded into the
fixture. This procedure allows easy alignment relative to the thrust ring prio:n to
final attachment. Optical checks will be made frequently during the assembly to
assure proper alignment while building the structure.

Using the same tooling stations, the upper holding fixture for the intermediate-ring
segments is removed and a dummy Y-ring is installed. This dummy ring provides

an index line for locating the skin panels on the corresponding thrust posts. Assembly
is completed by use of the above described procedures tc locate, drill, unload, deburr,
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5.2,4,2 (Continued)

reload, and fasten. Engine thrust fittings, gimbal post fittings, pressurization tanks,
and miscellaneous brackets are then installed,

After all tooling has been removed and inspection is complete, the structure is raised
with hydraulic jacks placed under alternate thrust post stations. The permanent
supports are removed and replaced with transport dollies at several locations around
the lower ring. The completed structure is then ready to be rioved to the vertical
assembly station where it will be mated with the lower bulkhead Y-ring.

-

5.2.5 Centerbody Plug

The centerbody plug is a conical structure with a base consisting of a stringer-sheet
bulkhead. Two major assemblies make up the structure; the base plug (conic section
structure) and the base bulkhead. The base plug is an aluminum honeycomb core
structure with stainless steel inner and outer face-sheets. Regeneratively cooled
tubes (Monel) are brazed to the outer face of the honeycomb structure. The tubes fit
into upper and lower manifolds of the base plug. The lower manifold of the base plug
mates with the 2219-T87 aluminum stringer-sheet base bulkhead. These two struc-
tures are mechanically fastened to form the complete center plug, Figure 5, 2, 5, 0~1.
Assembly steps are illustrated on Figure 5.2,5.0-2,

5.2.5.1 . Centerbody Plug Subassemblies

The centerbody plug assembly is comprised of five subassemblies which are discussed
in the following paragraphs,

Upper LHy Manifold — The upper LHy manifold consists of eight tubular segments.
Each segment is of a tube and channel cross section. The segments are roll-formed
to contour and the ends machined for welding. Each segment is then heat treated
and subsequently placed in the manifold ring assembly fixture where the segments
are welded and trimmed to the final configuration. The complete manifold ring is
then moved to the outer-facing ring/manifold assembly fixture.

Lower LHy Manifold — The lower manifold assembly is fabricated in the same man-
ner as the upper manifold. Eight segments are used to form the ring. The segments
are fabricated by roll forming to contour, Each segment is heat treated and then
placed in the lower manifold assembly fixture, aligned, clamped, and welded into the
manifold ring. The welds are X-rayed and repaired as required. The manifold ring
is then moved to the outer-facing skin- ring/manifold assembly fixture.

Outer Face-Skin Ring — The outer-facing ringis fabricated from 16 stainless steel
preformed segments. The segments are cut from stainless stock sheet, bulge formed
to contour and heat treated, After heat treatment, the formed trapezoidal segments

are placed in a trimming fixture and cut to net size, Figure Figure 5. 2,5, 1=1, The segments

are then positioned and clamped into the outer-facing ring assembly fixture for welding
and final trimming operations, Figure 5.2,5.,1-2, The structure is then transferred
to the outer-facing ring/manifold assembly fixture,
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FIGURE 5.2.5,0-1 CENTERBODY PLUG ASSEMBLY
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TRIM FIXTURE - INNER AND OUTER FACE SKIN SEGMENTS

FIGURE 5,2,5,1-1.
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5.2,5,1 (Continued)

Base Bulkhead Ring — The base bulkhead ring is constructed from eight roll -formed
segments, Each segment is heat treated, cleaned, and placed in the bulkhead ring
assembly fixture, where they are clamped, trimmed, and welded to the bulkhead ring
configuration. The bulkhead ring remains in this fixture awaiting completion of the
base structure bulkhead.

Base Structure Bulkhead — The base bulkhead consists of aluminum gore segments
welded to an aluminum I-beam framework. The semielliptical structure is fabricated
in the following manner. The gore sections are shaped to contour by the bulge form-
ing method; each gore segment is heat treated; the gore sections are transferred to
the trim fixture where they are positioned, clamped, and routed; after trimming, the
gores are transferred to the bulkhead fabrication fixture for mating to the I-beam
framework, Figure 5.2,5,1-3. The I-beam framework is constructed from rolled
sections. The sections are heat treated, weld ends prepared and placed on the
fabrication turntable for positioning and subsequent welding, The gore segments are
then placed on this frame, positioned, clamped, and welded, All base panels are
welded to the frame first, followed by the intermediate and apex panels. A center
piece or polar cap is then lifted to the top of the bulkhead, positioned, clamped, and
welded, This assembly is then transferred io the base bulkhead ring assembly
fixture for mating with the bulkhead ring.

r.2.5.2. Centerbody Plug Final Assembly

The centerbody plug final assembly is accomplished according to the procedure in ine
follcwing paragraphs:

Base Bulkhead Assembly — The base structure bulkhead and the base ring are
assembled in the base-rirg weld assembly fixture. The base structure bulkhead is
lowered onto the base ring and aligned. The head assembly is welded to the bulkhead
ring using the boom weld fixture. The weld is X-rayed and repaired where required.
The brackets for the base plug gas generator and lines are also assembled and welded
to the bulkhead at this station. The now complete base bulkhead is transferred to the
base plug/base bulkhead firal assembly fixture.

Base Plug Assembly, Outer Face-Ring/Manifold Assembly — The outer face-ring/
manifold assembly consists of the upper and lower manifold rings and the outer-face
skin ring for the backup structure. The lower manifold is placed on the assembly
turntable and the outer-face skin ring is lowered into position. The mating surfaces
are aligned, clamped, and welded using the boom weld fixture. The weld is X-rayed
and repaired as required. The upper manifold ring is then lowered onto the outer=
face skin ring. The skin ring and manifold are aligned, clamped, and welded. The
welds are then X-rayed and repaired where required, The structure is inverted,
Figure 5, 2. 5.2-1, and cleaned for installing the regenerative tube (Monel) assemblies,
The tube assemblies are positioned, clamped, and induction brazed to the outer skin
ring and manifold ports. The joints are checked and repaired as required. The
assembly is then transierred to the backup ¢ ructure assembly area,
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CENTERBODY PLUG
BASE PLUG ASSY

POWER ROTATION
SWITCH

TURNING FIXTURE

FIGURE 5, 2.5.2-1 BASE PLUG INVERTING TOOL
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5.2,5.2 (Continued)

Base Plug Assembly Backup Structure — Assembly consists of fitticg the preformed
aluminum honeycomb and inner-face skin sections to the inside surface of the outer-
face ring/manifold assembly. The inside surface of the outer-face ring/manifold
assembly is cleaned and prepared for adhesive bonding the honeycomb core panels.
Sections of the honeycomb are laid up inside the skin ring. A holding frame is used
to position and align the sections. The bonded sections are then vacuum bagged and
cured individually in an autoclave. The section joints are then joined by bonding
doublers over the joints. The bords are checked and repaired as required. Next,
the assembly is transferred to the final assembly station for mating with the base
Fulkhead.

Base Bulkhead, Base Plug Assembly — Final assembly operations consist of join-
ing the base bulkhead with the base plug structure. The complete base bulkhead
assembly is lowered onto the assembly fixture, aligned, and clamped in the fixture.
The base conical structure is then lowered to the mating position on the bulkhead, and
mechanically fastened to the lower manifold ring of the base plug structure. The
truss plates for the tubular trusswork are then located and welded to the upper mani-
fold ring. The completed centerbody plug is mechanically attached to the tubular
trusswork and aft skirt in the VAB (Figure 5.2.3,1-1) during final assembly.

5.2.6 Main Stage, Final Assembly

The final assembly operation consists of mating the major structural assemblies to
the core stage configuration and installing the propulsion and electrical system com-
ponents on the stage. The structural assemblies, with the exception of the centerbody
plug and engines, will be assembled with the stage in a vertical position. All other
systems installations will be accomplished horizontally. In assembling a structure of
this size, the number of operations and concurrently the number of tools becomes a
major factor in arriving «! the most cost-effective assembly procedure. The method
described herein is designed to use a minimum number of major tools.

The assembly sequence procedure is shown on Figure 5.2.6.0-1 (3 sheets) and is
accomplished as described below:

5.,2,6,1 Forward Skirt, Propellant Tank Assembly

The forward skirt assembly (which has been previously fabricated, complete with all
internal components installed, finish primed, and stored), is moved to the final assem-
bly location in the vertical assembly building (VAB). Utilizing the forward handling
ring, Figure 5.2.6.1-1, the forward skirt is hoisted above the tank assembly tower
and positioned above the upper LOX bulkhead (Station 1454). Alignment of the skirt
and the bulkhead is accomplished with a tool similar to the one shown on Figure
5.2.6,1-2. Adjustments of the vertical alignment are made with a tool as shown on
Figure 5.2.6.1-3. This vertical adjustor is capable of being positioned at several
locations around the circumference of the upper LOX tank Y-ring, A method for
checking axial alignment is shown on Figure 5, 2.6, 1=4, Where proper alignment is
assured, a drill jig. Figure 5.2, 6, 1-5, is positioned, and all fastener holes are
drilled and reamed to the proper size,
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1. MOVE FORWARD SKIRT TO
PROPELLANT TANK ASSEMBLY

STATION

2. LIFT FORWARD SKIRT OFF
TRANSPORTATION DOLLY

3. POSITION AND ASSEMBLE
FORWARD SKIRT ONTO
PROPELLANT TANK ASSEMBLY 4 MOVE ASSEMBLY TO HYDRO-
STATIC TEST TANK FACILITY

5. POSITION TANK INTO HYDRO-
STATIC TEST FACILITY

COMPLETE MANUFACTURING SEQUENCE, AMLLV/MLLV

FIGURE 5. 2. 6, 01 (Sheet 1 of 3).
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7. MOVE AFT SKIRT ASSEMBLY
TO PROPELLANT TANK
ASSEMBLY STATION

- 6. CLEAN AND HYDROSTATIC
TEST TANKS

8. POSITION AFT SKIRT IN

3 ASSEMBLY TOWER 9. REMOVE PROPELLANT TANK
, ASSEMBLY FROM HYDROSTATIC
y TEST FACILITY

gt

4 S\AAAAN

. 10, TRANSPORT PROPELLANT

TANK FROM HYDROSTATIC

) TOWER TO TANK ASSEMBLY 11, POSITION PROPELLANT TANK
: ON AFT SKIRT ASSEMBLY

AND MECHANICALLY FASTEN

FIGURE 5¢2.640=1 (Sheet 2 of 3). COMPLETE MANUFACTURING SEQUENCE, AMLLV/ML!
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13, STAGE NESTLED ON TRANSFORTER

12. LOWER STAGE ONTO TRANSPORTER

15, ATTACH CENTER BODY PLUG
TO TUBULAR TRUSSWORK

14, ASSEMBLE TUBULAR TRUSSWORK
TO AFT SKIRT

16. INSTALL ENGINES AND
ACCESSORIES

FIGURE 52, 6. 0-1 (Sheet 3 of 3) COMPLETE MANUFACTURING SEQUENCE, AMLLV/MLLV
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FIGURE 5.2,6.1-1 FORWARD HANDLING RING AND FORWARD SKIRT ADAPTERS
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5.2,6,1 (Continued)

The forward skirt is raised to allow access to the inside surface for hole deburring
and final inspection. When this operation is complete, the skirt is lowered, re-
aligned, and fasteners are installed.

The forward skirt/tank assembly is then hoisted from the assembly tower and placed
in the hydrostatic tank station where the tank integrity is verified.

~

5.2.6,2 Aft Skirt, Propellant Tank, Forward Skirt Assembly

Once the forward skirt/tank assembly is in position in the hydrostatic test area, the
forward handling ring is removed. A circumferential ring is attached to the SRM aft
attachment backup fittings and the aft slipjoint fittings. This ring will remain attached
and will serve as a multipurpose tool throughout final assembly. When the attachment
is complete, the forward handling ring with appropriate adapter plates is fastened te
the top of the circumferential ring. The aft skirt is then positioned in the vertical
assembly fixture. Primary support consists of rollers that bear against the bottom

of the circumferential ring. The handling ring adapters are removed, and the handling
ring is lifted away, Figure 5,2,6,2-1.

A rack is positioned atop the circumferential ring. Four integral drive motor/
transmissions engage the rack from stands located on the side of the aft skirt sup-
ports,

This arrangement enables complete rotation of the tank assembly, Figure 5,2, 6.2-2.
To properly locate the top of the aft skirt relative to the propellant tank aft Y-ring,
vertical positioners, Figure 5.2,6,2-3, are installed at 24 places along with 24
rotational positions, Figure 5.2,6.2-4, Existing tooling points located at the top of
the hat sections will be utilized to position these tools.

When hydrostatic test of the tank assembly is complete, the forward handling ring,
with the appropriate adapter plate, is attached to the forward skirt, The forward
skirt-tank assembly is then hoisted from the hydrostatic station and positioned on the
aft skirt, Drill jigs and backup plates are installed, Figure 5, 2.6.2=5. Automatic
air actuated drill motors are used to drill and ream fastener holes. When this
operation is complete, the forward skirt-tank assembly is removed, the holes are
deburred, and the tank is repositioned on the aft skirt. When these components

are aligned, the fasteners are installed.

5.2,6.3 Tank Insulation

A description of the procedure for applying polyurethane foam to the tank forms fol -

lows, The access covers are masked with a resistant material, and nolyurethane

sheets are taped around the top of the forward and aft skirts to prevent liquids from l
running into the hot sections.

Using a rotary brush mechanism on a vertical track, the tank surface is etched with a l
solution of sodium dichromate and sulphuric acid.
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FIGURE 5.2.6,2-2 TANK ROTATION (VERTICAL ASSEMBLY STATION)
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ADJUSTABLE WEDGE

FIGURE 5. 2.6,2-3 AFT SKIRT VERTICAL POSITIONER
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5.2,6.3 (Continued)

The acid is immediately followed by « hot air rinse dry operation. The surface is
then primed and allowed to air dry. Foam is applied with a bank of vertical nozzles
at a single location while the tank rotates. A diamond sintered cylinder for grinding
replaces the brush used in the acid-clean operation. The rotating cylinder is moved
vertically while the tank rotates about the track station. The surface is thus sanded
smooth and then coated with polyurethane resin using the nozzle bank and tank rota-
tion technique. (Figure 5.2.6.3-1.)

The lower bulkhead is treated and coated in a similar manner. This is accomplished
using an elliptical track for radial movement of cleaning and foaming devices.

All wiring common to the forwar 2 and aft skirts is now installed in the external tun-
nels. Tunnels covered are reinstalled prior to final painting.

5.2,6.4 Painting

The polyethylene sheets covering the forward and aft skirts are removed. The tanks
are then masked and painted, using the nozzle bank and tank rotation method. The

complete foam preparation, application, and painting sequence is shown on Figure
5¢ 24 60 3=1.

5.2.6.5 Transportation

With the forward handling ring still attached to the forward skirt, two trunnion fittings
are mounted on the aft skirt circumferential handling ring. The entire tank assembly
is hoisted from the vertical assembly station and positioned above the rear dolly sec-
tion of the transporter, Two vertically extended hydraulic jacks, mounted on each
centerline of the out-board trucks, will receive the trunnions and provide clearance
for circumferential ring support rollers as the tank is lowered into the horizontal
position. Once the tank is horizontal, the jacks are lowered and the ring engages the
support rollers with a gear drive similar to that used for rotating the tank while in
the vertical assembly fixture. The trunnions are removed as well as the forward
handling ring adapter plates. The tank can now rotate when the gearmotors are
energized, Figures 5, 2. 6. 5=1 and 5. 2. 6. 5-2.

5.2,6.6 Aft Trusswork Assembly

After the tank has been locked in place on the transporter, the 48 struts comprising
the aft trusswork assembly are mounted and prealigned in two circumferential rings.
These rings are hoisted using a three-point handling tool and positioned into the fittings
at the base of the aft skirt assembly. A selected number of pins are installed to main-
tain rigidity. The overhead crane and handling tool are moved away. The tank assem-
bly is rotated past work stations on either side of the transporter where the remainder
of the truss fitting pins are installed.
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FIGURE 5.2.6.5-1 LOWERING STAGE TO TRANSPORTER




STAGE ROTATION METHOD FOR ENGINE INSTALLATION

FIGURE 35.2,6, 5=2
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5.2,6,7 Centerbody Plug

With the circumferential rings still in position around the tubular trusswork, a
handling ring is used to lift the centerbody plug into position. Attach pins are in-
stalled and the plug is now supported in the horizontal position by the tubular truss-
work. All remaining piping connecting the centerbody gas generator and manifolds
to engine stations is installed.

The trusswork circumferential rings are removed and all preparations are now made
to receive the engines and associated equipment, Figure 5.2.6.5-2.

5.2.6.8 Engine Installation

When the centerbody cone is firmly attached, the engines are installed two at a time,
positicning them horizontally in their respective mounts. The propellant tank is
rotated until the engine mounts on the aft skirt thrust posts align with the engine
transporter, then two engines are installed, This process is continued until all 24
engines are installed, Figure 5.2, 6.5-2, Dummy engine actuators are installed to
hold the engines inboard during tank rotation . All instrumentation wiriag, piping,
and inspection operations are completed. Tanks are purged with dry nitrogen and
sealed, The core stage is now ready for shipment to the launch site for static firing,

The inspection operations above include the post manufacturing test and checkout of
the completed stage.

5.2.7 Systems Fabrication

The systems covered include the mechanical /propulsion system and the electrical/
electronic system. Each of these major systems is divided into its subsystems.
These subsystems are described and the equipment list for their fabrication is identi-
fied.

5.2,7.1 Mechanical/Propulsion Systems Fabrication

Propellant Feed Systems — The LOX delivery system consists of 24 ducts approxi-
mately 60 feet long, fill and drain ducts, valves and associated tubing and brackets.
The ducts will be LOX cleaned and installed during the LHy tank build up. The fill and
drain ducts will be delivered to the final assembly area, LOX cleaned and ready for
installation. Brackets will be fabricated in-house. The butting will be mocked up on
the first vehicle using soft tubing. The hard tubking will be fabricated from these.
Subsequent tubing will be built using the same mockup tubes, providing the configura-
tion on the second vehicle does not change. Valves will be purchased and delivered to
the installation site, LOX cleaned and tested functionally.

The LH, delivery system consists of ducts, valve brackets and associated tubing. The
same manufacturing approach will be used as in the LOX delivery case. This sub-
system will be irstalled during buildup of thrust bulkhead, and is comprised of the
following parts:




5.2,7.1 (Continued)

a. Ducts - AMLLV 15" Dia, x 75' (24 ea) + 15" Dia. 35' (24 ea)
MLLV 11" Dia, x 60' (24 ea) + 11" Dia. 281 (24 ea);

valves - AMLLV (24 ea) 15" Dia.
MLLYV (24 ea) 11" Dia.;

Brackets, miscellaneous;

Tubing - AMLLV (200"
MLLV (160').

Pressurization System — The pressurization of the LOX tank will consist of approxi-
mately 160 feet of ducts, 950 feet of tubing, a large manifold 8 inches in diameter by
32 inches long [10 inches in diameter by 40 inches long], pressure switch - one each,
relief switch - one each, vent and relief valves - four each, pressure regulator - one
each, manifold valve - one each, and associated bracketry.

TbL. above hardware will be fabricated, LOX cleaned and then installed at the final
assembly position. The tubing will be fabricated from mockup tubes that will be made
on the first vehicle.

The pressurization system for the LHg tank consists basically of the same components
as the LOX tank pressurization subsystem. Ducts and tubing lengths will be shorter,

The parts that comprise this subsystem are as follows:

a. Ducts - AMLLV (8" Dia. 200')
MLLV (6" Dia. 160');

Valves - AMLLV (20" Dia.)
MLLV (15" Dia.);

Brackets (100 ea.);

Tubing - AMLLV (1500')
MLLV (1190');

Switches (4 ea.);
Manifolds (1 ea.);

He Bottles - AMLLYV (10 ea., 20" Dia. x 22')
MLLV (10 ea, 16" Dia. x 17');

Solenoid Valves.




5.2.7.1 (Continued)

Engine Control — The basic components will be tubing, valves, actuators, and
associated bracketry as follows:

a. Ducts - AMLLV 2" Dia, x 30' (24 ea.)
MLLV (1 3/4" Dia. x 24" (24 ea.);

b. Tubing - AMLLV (120"
MLLV (95");

C. Solenoid Valves (24 ea.).
Destruct Ordnance — This subsystem will consist of a shaped charge, cowling,
and associated brackets. The installation will be accomplished by mechanical fasten-

ing. This subsystem is comprised of the following:

a, Cowling - AMLLYV (200")
MLLV (160');

b, Charge.

Environmental Control — This subsystem basically consists of teflon ducts, mani-
fold and associated brackets. The ducts will be purchased and delivered to the in-
stallation store. The manifolds and associated hardware will be fabricated and de-
livered to the store for installation. This subsystem is comprised of the following:

a. Manifolds;

b. Ducting - AMLLV (600')
MLLV (475');

c. Bracketry;
d. Orifices,

Ordnance — The retrorockets will be solid-fuel motors with associated bracketry,
which includes:

a. Retro Rockets assembly;

b. Motors;

c. Brackets.

Control Pressure — The control pressure system supplies No gas to various func -

tional valves for actuation purposes. This system consists of tubing, check valves,
solenoid valves, orifices and bracketry, which includes:
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5.2.7.1 (Continued)

a, Tubes - AMLLV (1200")
MLLV (950");

b. valves.

5.2,7.2 Electrical/Electronics Fabrication

Electrical /electronic system is comprised of the following subsystems:
a, Electrical Power and Network;

1. Power subsystem,
2. Distributor and Network;

b. Data;
1. Measurement,

2. Emergency Detection,
3. On-Board Test and Checkout;

c. Communications and Tracking System;
d. Command Destruct System;
e. Guidance and Control System.

Make/buy packages for the Electrical/Electronic System are listed in Table 5.2, 7,2-1L

TABLE 5.2.7.2-1 IDENTIFIABLE PRODUCTION PACKAGES,
PARTS LIST, MAKE/BUY

Storable Items System Reference

Package No, 1 Communication System
Command Subsystem
Duplexer
Power Divider
Ordnance Firing Unit
Command Receiver
Command Decoder
Container
Top
Bottom
Cable Assy. ()
Coax Cable
Coax Connectors (10)
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TABLE 5. 2. 7. 2-1

Storable Kems

Package No. 2

Antenna
Bracket (Plate)

Package No. 3

Antenna
Bracket (Plate)

Package No., 4

Transducers (60)
Signal Conditioners (60)
Cable Assemblies (60)
Wire
Connectors (120)

Package No, 5

Steering Control
Subsystem
Stability Control
Sensor Package
Thrust Vector Control
Interface

Container
Top

Package No, 6

Selector Switch

Case

Top

Wire Bundle
Wire
Connectors (14)

Printed Circuit Cards (4)
Card (Phenolic)
Resistor (10 ea,)
Capacitor (5 ea.)
Transistor (5 ea,)
Diode (20 ea,)
Connectors

(Continued)

System Reterence

Command Subsystem

Command Subsystem

Data Systems
Measurement Subsystem

G&C Systems ’
Guidance & Control Subsystem

Purchased as a Unit

Data Systems

On- Board Test and Checkout System




TABLE 5.2,7.2-1 (Continued)

Storable Items System Reference

Package No. 7 Electrical and Power Network
System Power Subsystem
Battery (10)
Measurement Power Supply
Container
Top

Package No, 8 Distributor-Network Subsystem

Main Power Distributor
Case
Cover

Wire Bundle
Connectors (14)

Wire

Lacing Bars

Relay Bracket Assy.
Bracket
Relays (20)

Printed Circuit Card (4)
Card (Phenolic)
Connector
Resistor (10 ea.)
Capacitor (5 ea.)
Diodes (5 ea.)

Switch Selector

Bus Bars (9)

Cable Assy. (10)

Wire
Connectors (20) Total




5.2.8 Main Stage Resource Implications

A comprehensive knowledge of resource requirements is needed to support the
manufacturing plan as presented. Main stage resource implications have been
developed and are correlated and collated below. This information is provided in
the following sections.

\Manpower - Manpower requirements are identified for fabrication by major assem-
bly and subassembly. This information is reduced to dollars and is presented with
supporting data. (Paragraphs 5.2.8.1 and 5. 2.8.2,)

Material - Material cost estimates for the MLLV and AMLLV are based on the
known dollars per pound of Saturn S-IC structures, applied to estimated weight of
similar structures of the MLLV and AMLLV. Recurring costs are calculated for
main stage structures and systems materials including propulsion and mechanical,
environmental control, LOX and fuel delivery, pressurization systems, ete, (As
shown in Paragraph 5.2,.8.3.)

Tooling - Tooling lists are by major subassembly of the main stage, i.e., base
plug, aft skirt, etc. The major tooling items have been si_zed and weights determined.
(As shown in Paragraph 5. 2,8.4.)

Capital Equipment - Requirements are grouped by main stage/major assembly

category, i.e., forward skirt, propellant tank, centerbody plug, and includes test equipment,
etc. Capital items, general purpose equipment are identified by function. A

brief description of the function of each identified capital item is supplied. Equipment

costs, non-recurring and recurring, are presented by major category and also by
manufacturing areas. (As shown in Paragraph 5.2, 8. 5.)

Facilities - Facilities requirements are categorized by manufacturing and test
requirements, and priced according to get-ready-costs and recurring maintenance
costs. Ground rules are developed, and facility needs further classified by physical
requirements in the fabrication area, etc. (Paragraph 5, 2. 8. 6.)

5.2.8.1 Main Stage Fabrication, Recurring, Manpower Estimates

The estimates are based on Saturn S-IC experience, because the vehicles costed are
similar in materials and type of construction. The estimates were prepared for the
10th unit and factored back up the learning curve to obtain the 1st unit value.

Table 5.2.8. 1-1 . immarizes the direct manufacturing manhour estimates for the
study vehicles. These manhours are for the first unit which has been defined as the
first flight test vehicle.

Detail backup for the MLLV and AMLLV Direct Manufacturing Manhour Estimates -
This document section presents the detail manhour estimates and the rationale used

in developing the estimat>s. The 10th 8-IC stage of the Saturn program was used

as the hase, factors were developed that accounted for size variations and small
differences in structural concepts between similar elements, and direct manufacturing
manhours for the 10 th unit were computed. These manhours were then backed up

an 83 percent learning curve (S-IC historical percentage tor direct manufacturing labor} to
obtain manhours for the first MLLV and AMLLYV structural component.
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TABLE 5.2.8.1-1 SUMMARY OF DIRECT RECURRING MAIN STAGE
MANUFACTURING MANHOUR ESTIMATES -
AMLLV AND MLLV

MANHOURS
ITEM AMLLV MLLV

STRUCTURES 857,818
MANHOURS

AMLLV MLLV

Skirt (Std. Fwd. Skirt) 126,779 79,511
LOX Tank 213,903 134,759
LHy Tank 259,070 164,135
Thrust Structure 154,320 97,222
Base Plug 45,070 28,394
Tunnels 58,676 46,354

PROPULSION/MECHANICAL 554, 350 554, 350
ELECTRICAL/ELECTRONICS 540,467 540,467
INSTRUMENTATION 219,787 219,787

FLIGHT CONTROL 62,410 62,410

pansr 4

STAGE ASSEMBLY 41,783 33, 009

oy
1

ENGINE INSTALLATION 32,467 32,467

MAIN STAGF TOTAL MANHOURS (WITH STD FWD SKIRT)| 2,309,082 |1,992,865

e

ALTERNATE FORWARD SKIRT 291,062 133, 369

MAIN STAGE TOTAL MANHOURS (WITH ALT FWD SKIRT)| 2,473,365 (2,096,363

*STD, FWD, SKIRT MANHOURS REPLACED BY ALTERNATE FORWARD SKIRT




5.2,8.1 (Continued)

Main Stage Forward Skirt, AMLLV — The skirt discussed here is the standard
structure that is used when the core stage is flown as a single stage-to-orbit. The
AMLLYV and S-IC forward skirts are similar in construction, therefore, total cost of
forward skirt can be used minus ring assembly.

The following structures are added to the AMLLV forward skirts:
a. Holddown fittings;
b. Two ring assemblies:
1. One similar to interface ring S-IC forward skirt,
2. One similar to thrust ring of thrust structure.
Manhours for AMLLV Forward Skirt derived as follows:
a, Outer shell forward skirt minus rings, holddown posts and final assembly:

1. S-IC M/Hrs. = 4345,

2, Formula (DIA. AMLLV) (Height AMLLV) (Skin Thick) _
(DIA. S-IC) (Height S-IC) (Skin Thick)

(12') (22') (L10) _ 4 75
(33') (10') (. 10)

3. Manhour AMLLV 4345 X 4,78 = 20,769,
Rings:
1, Lower ring similar to interface ring:

a) Manhours S-IC = 985,

b) Formula (Dia, AMLLV) (Width) _
(Dia, S-IC) (Width

(12) 25) - 2,59,
(3%) (21)

¢) Manhours AMLLV 985 X 2,59 = 2551,

Center Ring Assembly similar to Thrust R.ng:




5.2.8.1 (Continued)

a) Manhours S-IC = 2667,

b) Formula (Dia. AMLLV) (Width AMLLV) -
(Dia. S-IC) (Width S-IC)

2
(72 (371 = 3.10,
(337 (t0")

¢) Manhours AMLLYV 2667 x 3. 10 = 3268
c¢. Holddown Posts - Estimated in detail by considering the amount of material

removed from the forging block by numerical machining, number of pockets
or hog-outs and the number of holes drilled. Manhours AMLLV = 2,061.

d. TFinal Assembly:

1) Manhours S-IC = 7243,

2) Formula (Dia. AMLLV) (Height AMLLV) (Skin Thickness)
(Dia. S-IC) (Height S-IC) (Skin Thickness)

(72') (22') (. 10') = 4,78,
(33') (10") (. 10")

3) Manhours AMLLV 7243 x 4,78 = 34,621.

The total of the manhours in the paragraph above is 68,270 and is for the 10th unit.
Projecting back to the 1st unit using an &3 percent learning curve gives an estimate
of 126,779 manhours.

Main Stage Forward Skirt, MLLV — The manhours for the MLLV main stage forward skirt
were based on the manhour estimates for the full size AMLLV main stage forward skirt.

Manhours Manhours
Basis for Factor Factor for AMLLV for MLLV
. . ; 1
Height X  Dia. (MLLV) _ 17.4' X 57' _ 630 X 126, 719 - 79,871

Height X  Dia. (AMLLV)  22' X 72!

Main Stage Thrust Structure, AMLLV -- The major components of this structure
were estimated individually, The outer shell (skins and hat stiffnerj will be similar to
the forward skirt of the S-IC. Thrust ring will be similar to the thrust ring of the
S-IC. It will be lighter per area due to use of honeycomb in place of webs. Inter-
mediate rings will be similar to those of S-IC, and the thrust post similar to the
holddown post on the S-IC.

Manhour estimates for the AMLLV are shown in Table 5.2.5. 1],
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Table 5.2.3,1-11 AMLLV MANHOUR ESTIMATES

® Outer Shell AMLLYV vs Outer Shell S-1¢ - Forward Skirt

¢ Formula (Dia, AMLLV) (Height AMLLYV) (Wall Thickness)
(Dia, S-IC) (Height S-IC) (Wall Thickness)

(721 (11 1.2 (. 107)
(33% (10" (. 107

®S-IC hrs, = 4345
® AMLLV hrs, = 4345 X 2,51 = 10, 906
® Thrust Ring AMLLV vs Thrust Ring S-IC
® Formula (Dia, AMLLV) (Depth) _ (72') (60') _ 5 o7

(Dia. S-IC) (Depth) (339 (40
®S-IC hrs. = 2,667

® AMLLV hrs., = 2667 X 3,27 = 8,721
@ Intermediate Rings AMLLV vs Intermediate Ring S-IC

® Due to lack of information intermediate rings were
estimated on weight comparison,

® Formula Weight AMLLV .. 7810
Weight S-IC 2985

® S-IC M/Hrs.= 6067
® AMLLV=6067 X 2.62 = 15,896

® Thrust Post vs 8~IC Holddown Post

® Formula (Weight AMLLV) _ 195 _ g3

(Weight S-IC) 525

® Weight vs weight formula used since these posts will basically be forged
and machine finished; therefore, weight should be in direct relation,

® S=IC Manhours per post-701 (average)

® AMLLYV Manhours 701 X ,37 259 per nost
259 X 24 = 6216

L-\__/—\/_\__/'—‘\\__/‘\/




Table 5.2.3.1-1I (Continued)

s
¢ Inner Splice Plate

® Circumference = 226' and there are 12 Hi-LOX/Foot

e Drill holes .. ough the Skin Aft Skirt and through the plate;
therefore, each hole is over 1/2" deep.

2712 Hole (3 bolts every 3 inches)

17 Min /Hole
768 Manhours to drill all holes

® Install Hi-LOX
2712 Hi-LOX
4 Min/ Hole
181 Manhours
e Total = 181 + 768 = 949 Manhours.
® Final Assembly
Considering complexity of assembling the thrust ring, thrust post
and intermediate rings, the thrust structure final assembly will
be based on Final Assembly of the S-IC Thrust Structure.
(This excludes center engine support).

Manhour S-IC = 32,330

Formula (Dia. AMLLV) (Height) _ (72) (11.5) _ 1 g5
(Dia. S-IC) (Height) (33) (20)

Manhours AMLLV = 32,330 X 1,25 = 40,413

The manhours estimated for the main stage thrust structure of the AMLLV
for the 10th unit is 83, 101. Projected on the 83 percent learning curve gives
154, 320 for the 1st unit manhour estimate.

Main Stage Tarust Structure, MLLV — The manhours for the main stage thrust

——

structure for the MLLV were based upon those for the AMLLYV thrust structure.

Basis for Factor Factor Manhours for AMLLV MLLV

Height X mDia. ~ 9.1'X57' . .63 X 154,320
Height X #mDia.  11.53' X 72

= 97,222




5.2.8.1 (Continued)

LH, Tank, AMLLV - Manufacturing manhours for the vertical welding of the AMLLYV
1.H, tank have been estimated according to the formula below.

Vertical weld of segments were compared to hours extracted from S-IC actuals.
\lanhours per vertical foot of weld were figured as follows: Total hours to weld #1,
42, #5 and #4 ring segments were 2583 manhours, which equals 646 manhours per
cylinder. There are four ten-foot welds per cylinder.

646 -4 - 162 manhours per 10-foot weld

162 - 10 = 16.2 manhours per foot weld

Total feet of weld for AMLLV = 50' X 20 segments = 1000 per 50 ' cylinder
1000 X 2 (cylinders) = 2u00' weld

AMLLYV manhours = 16.2 X 2000 = 32,400 manhours

Installation of ring baffles is similar to that of the S-IC.
Manhours S-IC = 5,286

Formula (Dia. AMLLV) (No. Rings) =
(Dia. S-IC) (No. Rings)

(712') (20) = 1440 = 3.36
(337 (13) 429

AMLLV Manhours = 5286 X 3.36 = 17,760 manhours.
Installation of T-stiffeners manhours were figured according to the formula below.
There will be 10 T-stiffeners per skin segment totaling 200 per cylinder. These
T-stiffeners will be made from extrusions and bolted onto extensions milled on the
skins. Bolts will be approximately 12 inches apart.

50" + 12" = 50 bolts/T-stiffener

200 X 50 = 10,000 bolts/cylinder
10,000 X 2 cylinders = 20,000 bolts total.




5.2,8.1 (Continued)

Estimates are as follows:

a.

b,

Drill hole at . 25 manhours per hole = .25 X 20,000 =
5, 000 manhours;

Install bolts at . 066 X 20,000 = 1,320 manhours;

Assemble ring baffle segment — Hours will be based on actual hours taken
from Serial No. 130:

1, Formula (Dia. AMLLV) (No. Rings) _ (721 (20) _ 1440 _ 5 3¢
(Dia. S-IC) (No. Rings) (33" (13) 429 U

2. S-IC actual manhours = 3652,
3. Manhours AMLLYV 3652 X 3,36 = 12,271;

Fabrication of skin segments — Hours based on actvals recorded in
Wichita for S-IC:

1, Formula (Dia, AMLLV) (Height) (Thickness)
(Dia. S-IC) (Height) (Thickness)

(721 (500 (1.5") - 54000 _ g 2
(33" (10') (2.0") 660

Total S-IC hours for No., 2 Cylinder Assembly = 1027 manhours,
hours to fabricate thr four skin segment,

3. AMLLV manhours = 1027 X 8.2 = 8,421 manhours,

4, Two 50-foot cylinders = 8,421 X 2 = 16,842 manhours;

Horizontal weld, weld two tank cylinders together — horizontal weld will be
compared to the average cylindrical weld time per foot of the S-IC fuel tank
and LOX tank horizontal weld:

1, S-IC manhours = 1313,

2. Welding hours/foot = 1313 divided by 104 = 12.63,

3. 12.63 X 226' = 2,855;

Horizontal Weld, weld bulkheads to tank cylinders — welding the buikheads to
the cylinder on the S-IC:

1. Formula Dia. Xm- 72' x 3.14 = 2.2,
Dia. X7 33' x 3.14




D.2.8,1 (Continued)

2. Manhours AMLLV 14A6
x2.2
3225 M/Hrs. per bulkhead
x2
6450 M/Hrs. Upper & Lower Bulkheads;

gl Assembly and installation of cruciform baffles will be figured on the same
ratio as ring baffles due to no information; 36,071 m/hrs.

h. LOX Tunnel installation — This is based on a ratio of number of engines
with the S-IC:

1. Engine ratio 24 = 4.8,

5

2. §-IC Manhours = 1779,
3. AMLLV Manhours = 4.8 X 1779 = 8539 manhours

The LH, tank manufacturing manhours when projected back up the learning curve
equals 259,070 for the 1st unit.

LHo Tank, MLLV -- The manhours for the MLLV LH, tank were factored from the LHy
tanE structure manhours for the AMLLV.,

Factor Manhours Manhours
) AMLLV MLLV
Bulkhead Factor (Area) TR2 = (28.57% x 3. 14 = ,6335 x 259, 070 = 164,135
TR2 (36 x 3.14

Cylindrical Factor 79 X 57 = ,6335
100x 72

the ,6335 factor is applied to the total tank,

LOX Tank, AMLLV — The LOX tank consists of the common bulkhead and the upper
bulkhead with a center ring. Manhours for AMLLV are derived as follows:

a, Bulkheads will be compared to fhose of the S-IC by means of Lateral Surface
Area:

1. Formula 4 R® (AMLLV)
2
1 R® (S-IC)
9
(49 (3. 14) (365
> - 1.79
(4) (3.14) (17.54)
o

~
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d,

.1 (Continued)

This is the formiula for figuring a half sphere, but all things c¢onsidered cqual
this should give an accurate ratio, A second formula was used based as fol -
lows and veriiies the above,

(Horizontal Weld AMLLYV) (Vert, Weld)" (Qty. of Welds)
(Horizontal Weld 5-1C)" (Vert. Weld)" (Qty. of Welds)

(3597 (345 (20) = 2,359,440

2 = 4079
(259") (2157) (3) 192, 456

Weight of 3 5-IC bulkheads = 20,373 lbs,

20,37 X 4.79 Surface Area Ratio AMLLV = 97,611 lbs, for
S-IC - for same surface area.

125,425 Ibs, weight AMLLV = 1,23 factor tor thickness
97,611 1bs. - S-IC weight
nrojected from factor

2. Manhours S-1C - 6,076,

3., AMLLV Manhours 6,076 x 4,79 = 23,933
28,983 x 1,28 = 37,0938;

Manhours for the common bulkhead assembly based on hours to huild two
bulkheads, plus honeycomb installation manhours detail estimated,

AMLLV Manhours
2 upper bulkheads = 2 x 37098 = 74196
Honeycoml; ir;callation 916

75112

Manhours for the fabrication and assembly of the center ring based on same
formula as the lower ring AMLLV aft skirt;

1. (Dia. AMLLV) (Width AMLLY) = (20237 = 2.59,
T

T2 2
(Dia. S IC) (Width $-IC) (337 (2
2, Manhours S-IC - 985,
3.  Manhours AMLLV — 935 x 2,39 = 2551;

Manhours for mating the common bulkhead with the upper bulkheads were
detail estimated,

425 manhours - Detail estimated,




5.2,8.1 (Continued)

The sum of the above LOX tank manufacturing manhours is 115, 1s6 for the tenth unit,
Unit No. | projected back up the >3 percent learning curve is estimated at 215,900 maniars,

LOX Tank, MLLV — The manhours for the LOX tank were factored tfrom the LON
tank structure manhours for the AMLLV,

Basis for Factor Factor Manhours for AMLLV  Manhours for MLLV
same s Lio Tank .63 213, 903 134,754
Base Plug, AMLLV — No structure on the S-IC stage is comparable to the plug on

the core stage; therefore, detail estimation of the manhours was required, The
AMLLV manhour estimates are as follows:

a, There are approximately 25, 166 inches of weld in the plug. Based on a rate
of .96 manhours per inch, S-IC actuals, 24,107 manhours are required for
this operation;

b, Fabrication of truss plates was estimated at 12 manhours;
C, Fabrication of bulkhead segments, based on S-IC actuals for tank bulkheads,

was estimated at 37 manhours;

d. Assembly of inner a1 d outer faces and trim was estimated at 32 manhours,
¢, onding of the backuw structure was estimated at 32 manhours.,

The tenth unit estimate for the base plug fabrication tota’ed 21,270 manhours. Firs.
unit manhours was j.rojected back up the learaing curve to 15,070 manhours.

Base Plug, MLLV — The manhours for the base plug for the MLLV were factored
from the AMLLYV base plug manhours.

Basis for Factor Factor
Dia, x Height = 1357 x 174 = .63

bi(l. x Height 55" x .

Bulkhead Factor

ARE pfx3.4 .63
TR (16.5)2 x 3. 14 ‘
Manhours for Manhours for
Factor AMLLY .\IL'“\' [
Hi 45,070 2,091

- |




3.2.5,1 (Continued)

Tunnels, AMLLV — Manhours for fabrication of the tunnels is based or u ruatio ot
the stage sizes., Consideration wus given to an engine ratio number, but it was telt
that the problem of manutacturing the AMLLYV tunnels is not in direct ratio to the
larger S-IC tunnels, The AMLLV manhour estimates are as tollows.

Lo (Dia, AMLLY) (Height) . L_LL—).3 3]
(Dia, S-IC) (lieight) (337 (138"

5
- )y

b, Manhours S-IC - 12, 639;
C. Manhours AMLLV - (12,639) (2.5) = 31,597,
Iirst unit escimate for manutacture ot the AMLLV tunnels = 55,676

Tunnels, MLLV — The manhours for the tunnels for the MLLV were factored trom
the AMLLYV tunnels manhours,

Manhours for Manhours for
Basis for Factor Factor  AMLLYV MLLV

Decrease only with height .79 38,676 46, 354

Final Structural Assembly, AMLLV — Manhours for the stacking of the subasscm
blies in the vertical position will be based on a size comparison to those of the 5-1C,
Manhours for the final assembly of structures on the S-IC are as follows,

a€, 9000 manhours per stage.

b. Formula (Dia, AMLLYV) (Height AMLLVY) = ¢
(Dia, S-IC) (Height S-IC) (

™2

)
)

C. Manhours AMLLV 9,000x 2,5 = 22,500,

Tenth unit estimate for final structural assembly of the AMLLV »am stage,
projected to first unit on the <3 percent learning curve, is 1, 743 manhours.

Final Structural Assembly, MLLV — The final assembly manhours for the MLIA
was factored from the AMLLY,

Manhours for Manhours tor
Factor ~ AMLLY _ MLLV

Basis for Factor
Decrease only with Diameter W79 41,783 33, 009

system Installation, AMLLY — AMLLV systems will be very comparible to those of
the S-1C,

system requirements common to both are:




De2.8.1 (Continued)
Manhours /S-IC

a, Propellant Feed Systems 36,735
b. Flectrical 35,363
¢, Instrumentation 22,514
d. Flicht Control 6,393

141, 035

The quantity of engines will directly affect the above systems; therefore, an engine's
ratio, 5-IC compared to AMLLYV, was derived and applied to S-IC manhours.

Formula Qty. Engines AMLLV . 24 _ 4 .

Qtv. Engines S-IC 5
T.%0 x 1E1, 005 H77,060
Plus: 9.50', added to allow for the capability of the engines

677,063 x 9,5 = 64,321+ 677,063 — T41,3%1

The estimated system installation manhours for the tenth unit is 741, 3534 manhours,
projected to the first unit gives an estimate of 1,377,014 manhours.

systems Installation, MLLV — The systems are comparable between the AMLLV
Jnd the MLLV. The manhours used, therefore, were the same; 1,377,014,

Engine Installation, AMLLYV — It is believed this operation is very similar to that
requirerd to mount the engines on the S-IC stage. Although the engines are smaller,
they will have about the saume number of attachments and interfaces:

i, S-1C manhours 6, 764;
b,  Formua AMLLV Engines . 24 _ 4
S-IC Engines B)
. AMLLV manhours 6,764 x 4.8 32,467,
- Fngine Instailation, MLLV - — The engine installation manhours are the same for

both the AMLILV and MLLV as they both use 24 engines,

Alternate Forward Skirt, AMLLV — The skirt discussed here is the heavy structure
that has provisions for reacting the thrust joads of the strap-on SRM stages and the
increased injection stage and payload weights. Retionade for manhour estimates are
the same as those presented for the standard skirt, AMIL LV manhours derived as
follows:

a, Outer shell less rings, SRM attachment fittings and final agsembly:
1.,  S-IC manhours = 4,345,
~ 250
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(Continued)

Formula

(Diz. AMLLYV) (lgt, AMLLY) (Skin Thick) (721 (
(Diat. S-1C) (Hgt. $-1C) (Skin Thizk) (33 (

20 (257 12,
)

2
10

(.10
AMLLV manhours .345 (12) = 52, 140;

Lower ring;

1,  S-IC manhours === 9n5,

2, Formula (Dia. AMLLYV) (Width)
(Dia, S-IC) {(Width)

AMY LV manhours = 985 x 2,59
Center ring;
1. S-IC manhours 2,667,

2, Formula  (Dia, AMLLV) (Width AMLLY) (127 (909
(Dia. S-IC) (Width 5-IC) (337 (10"

3. AMLLV manhours 2,667 x 4.9 13, 06%;

Posts  — Same as the posts for the standard skirt, 2, 061 manhours;
Final Assembly:

1.  S-IC manhours 7,243,

2. Formula (Dia, AMLLY) (Height) (Skin Thick) (121 (22) (257
(Din., S-IC) (Height) (Skin Thick) (33" ( 10M)

3.  AMLLV muanhours 7,243 x 12 = 86,916,
rotal manhours for the alternative (heavyv weight) torward skirt tenth unit is 156,736,
|1+t unit manhours projected back up the w3 percert learning curve tre 291,062,

\Uternate Forward sSkirt, MLLV — The alternate vehicle used a heavyweight forvard
Shirt for strap-on applications. All other cost items were identical, The MLLV alter-
0 te forward skirt manhours were factored trom the AMLLV alternate torward skirt,

Maahours for Manhoul s tor
Basis for Factor Factor  AMLLY MLLV

Height x X Dia, = 17.4'%x57 - 291, 062 133, 369
veicht x 7 x o Dia,




5.2.3.2 Manhours: Main Stage Manufacturing Manhours Estimates,

Nonrecwrring
Estimates for manufacturing and engineering labor for get ready costs were prepared
by the Boeing-Michoud organization, Table 5.2.%.2-1 summarizes the direct manhours
that were provided to the Finance department for the costing activity. These esti-
mates do not include the manhours associated with facility brick and mortar, capital
equipment, construction und installation,

The rationale used in preparing these estimates is based on S-IC experience.

D.2.8.3 Main Stag 2 Materials

Main Stage MGSE Materials, Nonrecurring

Material Cost S-IC $3, 345,269
AMLLYV Size Ratio 2.0
AMLLV Material Cost $5,363,173
MILLV Size Ratio L5l
MLLV Materiad Cost 35,051,368
Main Stage Structural Materials, Recurring — Material dollirs based on the known

dollars per pound of S-IC structurcs, applied to the estimated weights ot similar
structures of the AMLLV and MLLYV are listed below:

Material  Weight S-IC Material Weight
structure $ AMLLY AMLLV 3 LB. $MLLV MLLV_
Forward Skirt 262,977 38,730 6.79 195,913 29,294
Thrust Structure 219,765 32,030 6,583 120, 242 17,604

Lilo Tank
(Contains Tunnels) 3,160,0¢1 206,675 15,29 1,660,232 10%,5%2

LOX Tank 998,363 125,425 7.96 485,442 61,362
Base Flug 291, 447 15,900 18,33 163, 595 8,925
Alt, Fwd. Skirt 500,491 73,710 6,79 339,534 50,005
Main Stage Systems Materials, Recurring — Materials for some of the systems

were based on compavison of similar system S-IC material costs. The estimating
rationale and detail costs are discussed in the following paragraphs. Total systems
materials costs are $25, 173,495 for the AMLLYV and $25, 356, 146 for the MI LV,

Propulsion and Mechanical Systems — These costs were based on a function of
engine numbers,

AMLLY cost 4.5 (S IC costy  $249,715

MLLV cost is the same as the number of engines are the same.
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3.2.38.3 (Continued)

Environmental Control Sys.em — Forward compartment is based on a 50 percent
increase for the AMLLV above the S-IC systems cost due to redundant systems added
and additional on-board test and checkout system (S-IC cost - 312,981),

Cost —~ $19,472,
For the MLL.V this increase is 25 percent and cost $9, 736,
Aft compartment is based on the AMLLV/S-IC volume ratio.

Cost = $63,252,
Aft Compartment cost is based on the MLLV volume ratio.

Cost = $31,626.

LOX Delivery System — LOX Delivery system was developed as a function of line-
size and length, The sensor cost was held constant with S-IC values.

AMLLV MLLV
System lezs sensors $7,500,273 $7, 164,233
Sensors 6621 6,621

8$7,506, 394 $7,170,3854

F'uel Delivery System -— Same as LOX system rationale,

AMLLV MLLV
System less sensors $14, 134, 058 $13,498,551
%ens ors 24,331 24,331
$14,158, 389 $13,622, 882
Retro-Rocket System — The AMLLYV uses 16 of the S-IC retro-rockets.

Cost = $333,624,
The MLLYV uses 10 of the S-IC retro-rockets.
Cost = $208,315,

Fuel Pressurization System -— The system cost is basec on a volume of LOX tank/
burn time ratio with the S-IC with controls, etc., beiny held constant for the AMLLYV,
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5.2.8.3 (Continued)

System less controls = 32,390, 519
Controls, etc. 73,834
2,464,353

25 }

For the MLLV syste™m less controls = 51,195, 259
centrols 73,834
$1,269,093

LOX Pressurization system — Same as fuel system,

AMLLYV MLLV
System less controls $390, 827 $195,414
Controls, etc, 68,671 68,671
$1459,498 $264,085

Control Pressure System — Same as the S-IC for both AMLLYV and MLLV - 335,509,

Main Stage Liquid Engines - All engines will be contractor furnished equipment,

Electrical System — Stage sequencing is the same as the S-IC for noth AMLLY and
MLLV = 818,910, Emergency malfunction detection is the same as the S-IC for

both AMLLYV and MLLV = $45,100, Power generation and conversion is twice the

S-IC value for both AMLLV and MLLV = 332,674, Destruct, EBW, is 24 perc:. at
greater than the S-IC for both AMLLYV and MLLV = $38,836. The total of these
clectrical system costs {s$135,520, Cabling and distribution for the S-IC is $127,210.
Cabling and distribution for the AMLLYV is Lbased on a developed factor

AMLLV Diam. x Length _ 5 44

S-IC Diam. x Length T

2.49 x $127,210 = $§316,765 (for AMLILV)
Total electrical system for the AMLLV = 135,520 ~ 216,765 = $452,285

The electrical svstem for the ("LLV is estimated to be 90" of the AMLLYV costs
due to the shorter cabling and distribution runs.

The electrical system for the MLLV = $452,285 x 90" = 3407, 057

Instru.ment System — S-IC has 400 measurements. Allow 600 for the AMI LY or
MLLV due to on-boaid test and checkout. Cost = $455,007. Radio frequency, RF
is then the same as S-IC = 816,625, Telemetry cost = $101,151. Total instft.lnlen,ta-

tion for the system = 3572,783, The MLLYV is estimated to be 90’ of the AMLLV
because of shorter cabling and distribution runs, or $515,505, ‘
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03 (Continued) !

Flight Control syvstems - These systems are D~ on U nambot ol cngine ol

with the s IO Poth the AMELY and MLV e 2 cnines

Pad Poser < oasi, U0y
Thrust Vectoring S, LT, ny
In=trame nls b O, 200

The MLLV is estimated at 90 of the AXMLLV because of =horter capling ane!
distribution runsyor 81,071,670,

Mainstage Material Cost Sumnury  —  able o, Doa o] enmuma rises recurrmg meey i1l
costs tor manufacture of the AMLLYV and MLLLY main stage.

TADLE S.20~.0 -1 MAIN STAGE VATERINL COST SUMMARY -
AMLLV AND MLLV

TN AMILV MLV 1
STRUCTURES 4,051,000 2,651,420
AML LV MLLV
Skirt R262,977 % 195,918
Lox Tunk sy b BRI & 34
LH, Tank 2,710, 109 1, 40,020
Thrust Structure 2N, T80 120,242
Bua=e Plug 201,447 1633, 595
Tunnels 419,902 20,312
PROPULSION /MECHANICAL 25,201, 0061 22,761,905
FIECTRICAL LECTRONICS 52,255 40T, 057
INSTRUMENT VTTON AT2, TN 510,000 .
VELIGHT CONTROL 1,=57,+21 1,671,670 '
STAGE ASSENDLY - W/STID, PWD, sKIP SO0, 105,108 W27 ST ATD
Semm——————— —_——
AT TERN A PE WD SKIRT Doty o] 5 LI
(¢ D WD SKIRT DEDVCTRED)
VAIN STAGE WITH ALT, VWD SKRIRT NEETRESINRUY DN AN

o
it
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5.2.8.4

Main Stage Tooling and Capital Equipment

The tooling lists which follow identify the manufacturing tooling and capital equipment
necessary to fabricate the main (core) stage,
the tooling concepts are illustrated in Section 5.2, 1 through 5.2,5. The major tool-
ing items have been sized and the weights determined, The tooling requirements
have been divided into tooling for the forward skirt, propellant tanks, aft skirt,
centerbody plug and the final assembly.

For many of the major tooling items,

\lain Stage Tooling Material, Nonrecurring - All material dollars based on 31,75

per tooling production manhour,

material estimates.

including categories not itemized here.

TABLE 5.2.8,4=1

MAIN STAGE TOOLING MATERIAL,

AMLLV AND MLLV = NONRECURRING

This is a standard factor utilized for tool
Table 5.2.8.4-1 tabulates these costs, with total dollars

ITEM

AMLLV

MLLY

STRUCTURES
AMLLYV

MLLV

Fwd, Skirt
[.OX Tank
I.LH.,, Tank

Thrust Str.

31,762,215
1,038,262
10,362,534

31,110,195
2,544, 105
6,528,396

1,457,365 915, 140
Base Plug 23,450 455,774
Tunncls 709,300 447,174

| PROPULSION/MECHANIC AL

| ELECTRICA L/ELECTRONICS

|
INSTRUMENTATION

FLIGHT CONTROL

SUBETOTAL

(iSE

ALT, FWD, SKIRT

$19, 053, (26
2,265, 127

10, 404

8,363,173

(3,353, %07)

512, 003, 731

1,427,030

2

Tt
<!

, 3

33,000
03,423
313,594, 502

5,363,175

(2,112,597

-

MAIN STAGE WITH STD, FWD, SKIRT 529!9422030 -‘21!93 "——!'SE__? 1

MAIN STAGE WITH ALT., FWD, SKIRT %31,535,640 322,960,567 I'
PR — e s

Main Stage Tooling Manhour Summary, Nonrecurring — Table 5.2.%, t-11 is @ summanrm ol

tooling fabrication and erection manhour nonrecurring coss,
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5.2.8.4 (Continued)

TABLE 5.2.3.4-11 TOOLING MANHOUR REQUIREMENTS -
NONRECURRING SUMMARY

ITEM AMLLV MLLV
STRUCTURES 10, 887,736 6,859,301
AMLLYV MLLV
Skirt 1, 006,980 634,397
Lox Tank 2,307,578 1,453,774
LHy Tank 5,921, 448 3,730,512
Thrust Structure 832,780 524,651
Base Plug 413, 400 260,442
Tunnels 405, 600 255,528
PROPULSION/
MECHANICAL 1,294,358 815, 446
ELECTRICAL
ELECTRONICS 23,088 14, 545
INSTRUMENTATION 31,746 20,000

FLIGHT CONTROL 93,808 59,099
SUB TOTAL 12,330,786 7,768,391

GSE FAB &

ERECTICN 1,990,190 1,639,404 l

ALTERNATE FWD SKIRT 1,916,460 1,207,370
MAIN STAGE WITH STD

FWD SKIRT 14'3.?.0'976 9I407l79'o
MAIN STAGE WITH ALT

FWD SKIRT 15,230,456 9!980!768

Forward Skirt Assembly Tooling and Capital Equipment — A brief description of the
function of each major tool and capital item identified is provided below. Tools,

which are special purpose items designed specifically for the MLLV or AMLLV, are
identified by the subassembly with which they are associated. Capital items, general
purpose equipment are identified by function. The forward skirt consists of the skin
panel subassembly, ring frame subassemblv and the interface angle -ring subassembly.

a, Subassembly Tools:
1, Skin Panel Subassembly:
a) Skin Panel Subassembly Fixture - used to build up the omplete sub-
assembly from skins, hat section stringers and holddown post, if

required; see prior Figure 5.2,1.1-1,
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5.2,8.4 (Continued)

b) Personnel Platform - used to provide access to skin panel subassembly
fixture, prior Figure 5.2, 1,1-1,

¢) Hat section filler bonding tool - a clamp to facilitate bonding a stepped
filler to the joggled ends of the hat sections, permitting the fastener
heads to fit flush,

d) Holddown post, NC tapes - numerical controlled tapes to machine
the holddown post,

e) Holddown post bearing press - used to press the ccre holddown spheri-
cal bearing assembly into the holddown post bearing recess,

o wmmy RS W N W =

f) Skin panel hoisting tool - required to faciliiate handling the large skin
. panels, Figure 5.2.8,4-1,

1
.

e

! g) Skin panel subassembly hoisting tool - needed to handle skin panel
subassemblies, Figure 5.2.8,4-2

2, Ring Frame Segment Subassembly:

a) Deep--ing segment subassembly fixture - needed to assembie bonded
honeycomb web to inner and outer T-sections, see prior Figure 5.2. 1. 1-4,
. b) Intermediate-ring segment subassembly fixture - similar to above,
see prior I'igure 5.2.1, 1-5,

c) Deep-ring track router fixture - this fixture holds the ring face-sheets
and provides a track to profile the sheets, prior Figure 5.2. 1. 1-3,

* _ d) Intermediate-ring track router fixture - similar to above,

e) Deep-ring segment bonding fixture - this serves the purpose of hold-
ing the {ace sheets, Z-rings and honeycomb while the adhesive bond-
ing material is being cured in the autoclave,

f) Intermediate-ring segment bonding fixture - similar to above,

g) Deep-ring segment handling tool - used to facilitate handling the ring
segment,

h) Intermediate-ring segment handling tool - similar to above,

i) Intermediate-ring track router fixture with polyglycol chuck - this
device provides a means of stabilizing the edges and holding one side
of the honeycomb blank whiie the ring segment web cores are profiled
and chamfered, see prior Figure 5.2, 1. 1-3,

1
|
l
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HOISTING TOOL

FIGURE 5.2.8.4-2 SKIN PANEL SUBASSEMBLY HOISTING TOOI,
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5.2.8.4

3.

(Continved)
j) Deep-ring track router fixture - similar to above,

k) Ring frame web assembly handling {ixture - used to move the web
assembly, Figure 5.2 %.4-3,

1) Imboard and outboard T-cap handling fixture - used to move ring frame
T-sections, Figure 5.2.8,1-4,

Interface Angle-Ring Subassembly, Interface Ring Segment Handling Tool -
Needed for handling the interface ring segments;

Final Assembly Tools:

1.

6.

Final assembly fixture - to hold and locate the forward skirt subassemblies
for fastening, see prior Figure 5.2.1.1-1,

Personnel platform - used to provide access to the forward skirt final
assembly fixture,

Final asseribly handling tool - used for lifting the completed forward
skirt, see prior Figure 5.2, 1. 1-7,

Final assembly transportation trailer - used to provide a means for
moving the forward skirt to the next position,

Inverting fixture - a trunnion mounted tool for inverting the forward
skirt subsequent to assembly, see prior Figure 5.2, 1.2-1,

Master gage - this will provide a standard for the interface hole pattern
between the forward skirt and the payload or injection stage;

Miscellaneous Tools, miscellaneous detail tools are not individually identi-
fied;

Capital Equipment:

1.

Forming:

a) Fifty-ton roll - a roll of this capacity is required to form the skin
panels {o contour,

b) Buffalo roll - this machine is needed to roll the Z-shape into the
honeycomb edge closures of the bonded ring frame shear web,

c) Coilet roll - the honeycomb edge closures are rolled to curvature in
this machine,

.'f'
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WEB ASSEMBLY
HANDLING FIXTURE

WEB ASSEMBLY

1
|
l
|
|
!
!
I

FIGURE 5.2.8.4-3 RING FRAME WEB ASSEMBLY HANDLING FIXTURE

263




T-CAP 4
HANDLING FIXTURE (' — //

THRUST RING
T-CAP SEGMENT

FIGURE 5.2.8.4-4 INBOARD AND OUTBOARD T-CAP HANDLING FIXTURE

Gl S e
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5.2,8.,4 (Continued)

d) Press - required to hot form the joggles in the ends of the hat sec-
tions,

2, Machining:
a) Band saw - needed to cut the skin panels and hat sections to length,
b) NC mill - used to machine holddown posts and other forgings,

¢) Boring mill with 57-foot-diameter turntable - used to ma‘clhine
finish T-chords of the ring frames,

d) Pneumatic track router - needed to profile shear web face sheets,
e) Auto feed pneumatic drill - about 50 of these drills will be required
for the forward skirt; these drills are used in conjunction with drill

templates,

3. Heat Treating:

a) Furnace (40 by 40 by 18 feet with 705 degrees E capacity) - required
to heat treat forgings,

b) Autoclave (30 by 25 by 10 feet) - used to bond the ring frame webs,
4. Finishing:

a) Chemical cleaning line - this will include five, 26 by 10 by 5 feet
tanks used for alkaline cleaning, deoxidizing, rinsing, and alodining
detail parts,

b) Waterfall paint spray booth - a manual booth (30 by 10 foot opering)
for spray-priming detail parts,

5. Handling — 30-ton overhead bridge crane is required for handling the
forward skirt and other structures,

6. Fastening — Miscellaneous riveters to mechanically fasten parts,

Propellaiat Tank Assembly Tooling and Capital Equipment — The following paragraphs
provide a brief description of the function of each identified tocl and capital item. Tools,
which are special purpose items designed specifically for the MLLV and AMLLV, are
identified by the subassembly and assembly operation with which they are associated,
Capital items, general purpose equipment is identified by function:
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5.,2,8.4

Ao

(Continued)

Subassenmbly Tools:

]

©

Bulkhead Tools;

a)
b)
c)
d)
e)

f)

g)

h)

1))
k)

1)

n)
0)

p)

q)
r)

s)

Apex fixture, trim - to router trim apex gore sections,

Base fixture, trim - to router trim base gore sections,
Apex-to-base weld fixture - to hold base and apex gores for welding,
Meridian trim fixture - to router trim gore assemblies,

Meridian vacuum chuck - tc hold gore assemblies to weld fixture,

Meridian weld fixture - a curved track to weld gore assemblies to-
gether,

Meridian assembly fixture - turntable with above vacuum chuck; base
of head is also trimmed here,

Y -Ring and polar cap assembly fixture - a separate turntable to weld
Y-ring and polar cap to bulkhead,

Bulge form die, base, - upper and lower bulkhead,
Bulge form die, hase, - common bulkheads,

Bulge form die, apex, - all bulkheads,

Hoisting tool for gore - tubular frame for lifting,

Hoisting tool for bulkhead - tubular ring with 12 drops; also handles
Y-ring,

Heat treat fixture base - to hold gore to contour during heat treating,
Heat treat fixture apex - to hold gore to contour during heat treating,

Autoclave fixture - to hold common bulkhead face sheets to honeycomb
core for bond cure,

Autoclave - to provide heat and pressure to hond common bulkhead,
NC tapes - to machine weld lands on gores,

Y-Ring weld station - to weld billets together,
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5.2,8.4

(Continued)
t) Personnel platform - polar can to bulkhead weld operation,
u) Personnel platform - meridian weld operation,
v) Meridian test weld fixture - to set up welding fixture on test specimen,
w) Y-Ring to bulkhead test weld fixture - to set up weiding fixture on test
specimen,
X) Transporter - to move bulkhead,
y) Router fixture - to trim bulkhead skirt,
z) Bulkhead contrcl gage - to check bulkhead contour,
aa) Picture frame fer gores - to hold gores for storage before use,
ab) Master fixture - a gauge to check gore control,
ac) Blankets, chuck, - to maintain outside mold line (OML) of gores,
ad) Vacuum seal plates - to seal openings for vacuum seal,
ae) Holding shoes, gores, - base edge of gore assemblies are held to
turntable of meridian station,
af) Common bulkhead test fixture - to leak test common bulkhead,

2, Baffle and cruciform detail tools:

a)
b)
¢)

d)

e)

f)

DJ ring baffles - drill jig to drill ring baffles,
AT ring balfles - holds ring baffies for assembly,
SA ring baffles - holds ring baffles for drilling,

AF LOX cruciform baffle - common bulkhead cruciform baffle assem-
bly,

AF LHp cruciform baffle - similar to above but for lower bulkhead
assembly,

DJ cruciform assembly - to drill crucifcrm assembly, four required,
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3. Cylindrical skin tools:
a) Kg&T mull subbase and check - to hold skins during NC milling,
b) Numerical tapes - for NC milling skin weld lands,
¢) Age form fixture - to permanently form LIl skin to contour,
d) Age form fixture - to permanently form LOX skin to contour,
e) Check fixture - to check contour after heat treat,
£ Transportation dolly - to move skirs,
g) T-stiffener weld fixture - to weld T-stiffener to skins.
4, Miscellaneous tool — LOX tunnel cleaning booth - for cleaning inner
tunnel prior to application of honeycomb and outer skin;
b, Assembly Tools:
1., Weld station - turntable,
2. Personnel platform - inside tank skin buildup,
3. Personnel platform - outside,
4, P,R, dolly - to move skin cylinder,
5., Hoisting tool - to lift skin onto turntable,
6. Transportation trailer - to move skins,
7. Transporter - to move all structures to VAB,
8. Skin shoes - to hold base edges of skins to turntable,
9, Drill jig, baffle installation - to drill baffle T's on assembly,
10, Router for skins - to mate edges of skins,
11, X-ray cquipment - to inspect vertical welds,
12, Test weld fixture - to set up for welding skins,
13. Test weld fixture - to set up for welding Y-ring to skins, Figure 5.2.8.4-5,
14, External vacuum chuck - to hold skin in alignment,
15, Inverting fixture - to invert LOX tank,
16. Vertical skin welding/routing equipment - to route skins and perform skin
welds,
17. Tunnel handling fixture - to emplace tuunels,
18, Drill jig for tie rods - to drill fitting; attach holes,
19. Inverting fixture - to invert upper propeilant tank section,
2¢, Hoisting tool -- to handle skin details;
Co - Miscellaneous tools, have been costed but are nov individually identified;
d. Capital Equipment:

(Continued)
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I'IGURE 5.2,%.4-5

Y-RING-TO-SKIN, TEST WELD FIXTURE
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(Continued)

Forming — a bulge form préss will be required to form the baffle and
cruciform details; it will occupy approximately 2000 sq. ft. and will weigh
20, 000 pounds, '

Machining:
a) Router - two of these arc required to trim gores and bulkhead skirts,

b) NC mill - used to machine weld lands on skins and gores; also used to
face the extruded tank T-stiffeners for welding,

¢) Router - one is required to trim skin edges on assembly,
Ecat Treating:

a) Autoclave - 80 by 80 by 30 feet, 500°F to bond face sheets to honey-
comb on common bulkhead,

b) Furnace - 40 by 100 by 18 feet, 750°F, used to age-form skins to

contour and to heat treat gore sections after forming,

Welding — out-of-vacuum elzctron beam welding will be used where
possible, Five of these units will be required for gore-to-gore and bulkhead-
to-Y-ring welds. Another welder will be needed to weld T -sections to skins,
A seventh welder will be needed in the VAB to weld tank skins together

and to weld on bulkheads,

Handling — a 280-ton overhead crane will be required for general pur-
pose lifting in the VAB,

Finishing — 50 by 12 by 8 foot chemical cleaning and convexrsion coating
tanks for skins and gores; four tanks required,

Aft Skirt Tooling and Capital Equipment — A brief description of the function of each
tool and capital item is given in the following paragraphs. Tools designed specifically
for the MLLV and AMLLYV are identified with the associated subassembly fixture.
Capital items and gcneral purpose equipment are identified by function,

a, Subassembly Tools:
1, Skin panel subassembly:

a) Skin panel subassembly fixture - used to build the complete subassembly
from skins, hat section stringers, and outer splice-plates, Figure 5.2, 1, 1-1,
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(Continued)

b)

c)

d)

e)

Personnel plattorm provides overall access to the skin pane‘ sub-
assembly fixture, Tigure 5.2.4.1-2,

Skin panel assembly hoisting tool - required to remove the place sub-
assembly on transport/storage dolly, Figure 5.2.:t.1-3,

Transport /storage dolly - used to transport subassemblies from sub-
assembly to major assembly fixture,

Hat section drill plates ti sKin and locates fastener
holes,

Skin panel hoisting tool - required to handie large skin panels prior to
assembly,

Thrust and intermediate-ring subassembly:

a)

b)

c)

Thrust ring segment subassembly - fixture required to assemble bonded
honeycomb web to inner and outer T-chords, Figure 5.2.+4.1-4,

Intermediate-ring segment subassembly fixture - similar to above,
Thrust-ring track router fixture - used to hold the face sheets while

the correct profile is routed around their edges; also provides the
correct profile track for the router to follow,

Intermediate-ring track router - similar to above,

Thrust-ring segment bonding fixture - holds the face sheets, Z-sections

and honeycomb while the adhesive bonding material is being cured in the
autoclave,

Intermediate-ring bonding fixture - similar to above,

Thrust-ring track router fixture with polyglycol chuck - provides a
means of stabilizing the edges of the honeycomb during the routing
operation,

Intermediate-ring track router fixture - same as above,
Thrust-ring web assembly hoisting tool - used to lift web assembly,

Intermediate-ring web assembly hoisting tool - same as above,

Miscellaneous access hole templates - used to locate holes (i.e., LOX
and fuel fitting holes) in thrust-ring web assembly,




5.2.8.4 (Continued)
1) Miscellaneous access hole templates - same as above for intermediate
ring,
3. Thrust Post:
E a) Numerical control tapes for milling thrust posts,
- b) Handling fixture - used to move finished posts from mill to major
3 assembly fixture;
b, Major Assembly Tools:
1. Major assembly fixture - to hold and locate all aft skirt components prior
to fastiening,
2, Personnel platform - provides access to all parts of the major assembly
y fixture,
3. Major assembly/transport dolly - used to move the completed structure to
the vertical assembly station;
C, Miscellaneous Tools -— the different items of miscellaneous tools and their

costs have been identified but are not included in this list;

d. Capital Equipment:

1n

Forming:

a) Fifty-ton roll - a roll of this capacity is required to form the skin panels
to contour,

b) Buffalo roll - this machine is needed to roll the Z-shape into the honey-
comb edge closures of the bonded ring frame shear web,

c) Collet roll - the honeycomb edge closures are rolled to curvature in iris
machine,

d) Press - required to hot-form the joggles in the 2nds oi e nat sections,
Machining:

a) Band saw - needed to cut the skin panels and hat sections to length,

b) NC mill - used to machine thrust posts and other forgings,

-~
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" (Continued)

¢) Boring mill with 57-foot, (72) diameter turntable - used to machine
finish T-chords of the ring frames,

d) Pneumatic track router - needed to profile shear web face sheets,

e) Auto feed pneumatic drill - about 25 ot these drills will be required
for the skirt; these drills are used in conjunction with drill templates,

Heat Treating:

a) Furnace (40 by 40 by 18 feet with 7500F capacity) - required to heat
treat forgings,

b) Autoclave, 500°F (30 by 25 by 10 feet) - used to bond the ring frame
webs,

4, Finishing:

a) Chemical cleaning line - this will include five, 30 by 15 by 7 feet ta.ks;
they will be used for alkaline cleaning, deoxidizing, rinsing, and con-
version coating detail parts,

b) Waterfall paint spray booth - a manual booth (30 by 10-foot opening) for
spray-priming Jetail parts,

Handling:

a) Crane - a 30-ton overheud bridge crane is required for handling the aft
skirt and other structures,

b) Jucke - hydraulic jacks for lifting the siructure to allow removal of
suppo.ts,

Centerbody Plug Tooling and Capital Equipment — All major tools and equipment re-

quired for the fabrication of the centerbody plug structure are included in this section.
A brief description of the function of each tool is also given.

a. Subassembly Tools:

1,

Upper LHy Maniiold Assembly Tools — iisted below are the tools re-
quired for assembly of the upper LH,y manifold ring. This list includes
some of the detail fabrication tooling:

a) Ring segment handling tool - this too! is used for placing ring segments
in assembly fixture,




(Continued)

b) Upper manifold weld fixture - this fixture is used tc hold segment rings
together for welding,

c) Trim fixture, manifold segments - used for manifold segment weld end
preparation,

d) Manifold handling tool - used to remove manifold ring to transportation
trailer and assembly to outer face skin ring,

e) Heat ireat fixture - used to hold manitold segments during heat treat,

Lower LHy manifold assembly tools:

a) Ring segment handling tool - this tool is used for hoisting ring segments
to assembly fixture,

b) Lower LH, manifold handling tool - used to move manifold ring to
transportation trailer and to position manifold onto outer face skin
ring,

Lower manifold weld fixture - this fixture is used to hold segments for
welding,

Trim fixture, ring segments - used to prepare ends after roll -forming
segments,

e) Heat treat fixture - used to hold ring segments during heat treatment,
Base plug - outer-face skin ring:

a) Track router fixture - used in trimming skin segments prior to ring
assembly,

b) Skin segment hoisting tool - used to hoist skin segments to transporta-
tion dolly and onto assembly fixture,

¢) Weld fixture - used to hold skin segments for weld operations,

d) Skin-ring hoisting tool - used to transfer skin ring to transportation
dolly and to assemble fixture,

e) Line welder - used to make inclined skin seam welds, Iigure 5.2.8,4-6,
f) Personnel platforms,

g) Trim fixture - used to trim skin segments prior to ring assembly,
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(Continued)
h) Heat treat fixture - used to hold ring segments during heat treat,
Base plug - bulkhead-ring assembly tools:

a) Ring segment hoisting tool - this tool is used to transfer ring segmeuw
to transportation trailer and assembly fixture,

b} Weld fixture - used to hold ring segments during weld operation,
c) Heat treat fixture - used to hold rings segments during heat treat,
d) End trim fixture - used to prepare ring segment ends for welding,
Base structure bulkhead:

a) Turntable - bulkhead fabrication,

b) I-beam hoisting tool - used to move I-beams to assembly fixture,

c) Hoisting tool, gore sections - used to place gore sections on assembly
fixture,

d) Weld and trim fixture - used to hold I-beam framework for welding,

e) Meridian welder - used to weld gore sections,

f) Polar cap welder - used during installation of polar cap,

g) Personnel platform - used during hand weld of I-beam framework,

h) Transportation dolly, bulkhead gores - used to move the bulkhead
gores to the assembly station,

Transportation dolly, I-beam frames - used to move the I-beam frames
to the assembly station,

Final Assembly Tools:

Bonding fixture - backup structure,

Holding fixture - regenerative tube installation,
Personnel platforms - layup sections of honeycomb,
Personnel platforms - tube installation,

Inverting tool - conical structure,

Transportation dolly - major assembly,

Handling tool - base bulkhead,

Handling tool - base plug,

Autoclave - backup structure,

Automatic feed pneumatic drill - final assembly;
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(Continued)

Co Miscellaneous tools — these tools are coded according to function but cannot
be classified as dies, jigs, fixtures, or mechanical equipment:

1. Drill tools - special driil bits, reamers, counterborers, etc.,

2, Form cutting tools - special cutting tools required for usz on lathes,
milling machines, etc,,

3. Optical tools - these tools are mounting devices for optical instruments
which are used to optically inspect other tools,

4., Master models - these tools are accurate models of formed production
parts and are used for making part models and for setting or making
transfer gages,

5. Standard tools - tools not limited to specific parts or assemblies such as
tube bending tools, burring tools, wrenches, ete.;

d. Capital Equipment:

1., Foriming:

a) Buffalo roll - this machine is used to form the I-beam stringer seg-
ments of the base structure bulkhead,

b) Bulge form die, base gore - metal form die used to form base gore
segments of base buikhead,

c) Bulge form die, intermediate gore - metal form die used to form inter-
mediate gore segments of base bulkhead,

d) Bulge form die, apex gore - metal form die used tc form apex gore
segments of base bulkhead,

e) Buige form die, inner face-skin segment - metal form die used to form
inner face-skin ring segments of base plug,

f) Bulge form die, outer face-skin ring segment - metal die used to form
the outer face-skin ring segments of the base plug;

g) Roll form die, upper manifold ring segment - used to form ring seg-
ments of the base plug upper manifold ring,

hY Roll form die, lower manifold ring segment - used to form ring seg-
ments of the base plug/lower manifold ring,
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Machining:

a) Track router - used for trimming inner and outer face skin segments,

b) Track router - used for trimming outer-face skin assembly of the base
plug,

¢) Auto feed pneumatic drills - these drills will be required in the mechan-
ical fastening of the base bulkhead to the hase plug,

d) Form mill - used to machine the contour surface of the upper and lower
manifold ring segments,

e) Inclined surface grinder - used to remove weld bead from inside weld
seam of outer-face skinring prior to bonding honeycomb panels in place,

Heat Treating:

a) Heat treat furnace - (40 by 40 by 18 feet) used to heat treat manifold
ring segments and skin rings,

b) Autoclave furnace - (80 by 80 by 30 feet) used in bonding honeycomb
structure of the base plug,

! 4, Finishing — 50 by 12 by 8 foot chemical cleaning and conversion coating
i tanks for skins, manifold segments, etc.

Final Assembly Tooling and Capital Equipment — A brief description of the function
of each tool and capital item follows. Unless otherwise noted, all tools are designed
specifically for the final assembly of the MLLV and AMLLYV core stage. Capital items
and general purpose equipment are identified by function,

a, Vertical Assembly Tools -- The following tools are required to assemble the
forward and aft skirts to the tank assembly:

1. Forward handling ring - used to lift the forward and aft skirts, Figure
5.2.6.2-1,

2, Forward skirt adapters - used to adapt forward skirt to forward handling
ring, Figure 5,2.6.1-1,

3. Aft skirt adapters - used to adapt aft skirt to forward hardling ring,
Figure 5.2.6,1-1,

4, Vertical alignment checking tool - used to check alignment of forward skirt
relative to tanks, Figure 5.2.6.1-2
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10,

11,

12,

13.

14,

15,

16.

17,

18,

19,

20,

(Continued)

Forward skirt alignment adjustor - used to adjust skirt relative to Y-ring,
Figure 5.2.6. 1-3,

Forward skirt Y-ring drill jig - used to drill fastener holes in forward
skirt and Y-ring, Figure 5.2.6.1-5,

Forward interface master gauge - locates holes for interfacing forward
skirt to injection stage,

Forward skirt circumferential ring - attaches to upper SRM mounts and
provides a track for rotation in the horizontal position and interfaces adap-

ter plates to forward skirt assembly,

Aft skirt circumferential ring - provides rear support for rotation in hori-
zontal position and supports trunnions during laydown operation,

Vertical positioners (aft bulkhead Y-ring) - locates aft skirt relative to the
aft bulkhead Y-ring, Figure 5.2.6.2-3,

Rotational positioners (aft bulkhead Y-ring) - aligns aft skirt relative tc
the aft bulkhead Y-ring, Figure 5.2.6.2-4,

Aft skirt Y-ring drill jig - used to locate and drill fastener holes in aft
skirt, Figure 5.2.6.2-5,

Personnel platform - provides access to entire vertical surface during
assembly,

Vertical brush assembly - used to etch and sand the tank surface prior to
the foam-applying operation,

Foam nozzle bank - used to apply foam to the outer tank surface, Figure
5.2.6.2-6,

Paint nozzle bank -~ used to apply paint to the finished tank,
Tank transporter - provides transportation for complete maii: core stage,

iydraulic power supply - supplies power to jacks and steering motors on
transporter,

Circumferential ring (real trusswork) - holds truss posts in proper position
for mounting to aft skirt,

Circumferential ring handling tool - fastens to circumferential rings and
lifts entire trusswork to aft skirt trusswork fittings,
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(]

21, Centerbody plug handling ring - lifts centerbody plug into position with
trusswork fittings,

22, Dummy engine actuators - holds engines during installation on stage,

J. Enginc transporter - uscd to hold, transport, and locate engines in place
on the core stage while it is in the horizontal position, Figures 5.2.6.5~1
and 5.2.6,5-2,

b, Capital Fquipment:
1. Assembly:

a) Keller air drills (25 requirec) - drill holes in Y-ring interface points,
b) Air compressor - for foaming ¢rd painting operations,
c) Blower/Heater - for use during fcaming and sanding operations,

2. Handling: Crane, 300-ton - lifts tank assembly out of assembly station
and on to transporter.

Main Stage Systems Fabrication Canital Equipment — This section covers the capital
equipment for systems fabrication. The systems include the mechanical /propulsion
system and the electrical /electronic system. Each of these major systems is divided
into its subsystems. These subsystems are identified and the equipment list for their
fabrication is identified. The floor space and tools necessary to perform electiical/
electronic fabrication are also shown.

Mechanical /Propulsion Systems Capital Equipment — Individual test stations, a total
of 14, will be established to provide separate test systems for the various fluid sys-
tems, A dual stetion concept will be utilized to provide continuous testing and to allow
for maintenance and calibration, The test stations will be designed around a walk-in
test cell and test rooms concept with an associated test rack. The test equipment re-
quired to perform the tests will be construed to be off-the-shelf buy type where prac-
ticable and will be mounted in standard rack type cabinets. This arrangement will

provide for calibration, maintenance, and modification to be performed in an area other

than the test area. Pneumatic testing anticipated up to 3500 psig will be controlled
frcm the station rack having a panel(s) containing the necessary manual valves, pres-
surc regulators, relief valves, and pressure gages to perform the component test from
outside the test cell, The pneumatic panels will be a make item by necessity and will
allcw for ease of calibration, mainienance, and modification,

The electrical checks on stage components (expected to be limited to continuity, insu-
lation resistance and timing) will be performed by utilizing an electrical test panel in
the station rack, allowing the patching of tests from the various rack mounted equip-~

ment, These panels will also be make items.
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5.2,8.4 (Continued)

Test fixtures for the component testing will be held fo the minimum by the use of in-
dividual compnnent holding /testing fixtures to allow for quick set-up and connection to
the test rack/test cell feed-through panel.

A separate test station will be established for hydrostatic testing of the stage cylinders
and ducts, Hydrostatic testing anticipated up to 7000 psig will be controlled from the
station racks having a panel containing the necessary manual valves, pressure regula-
tors, relief valves and pressure gauges to perform the component test from outside
the test cell.

The test equipment required to perforrs: the tests will be constrained to be off-the-
shelf buy type where practicable and will be mounted in standard rack type cabinets.,

Due to the relevant size of some of the major components, special holding fixtures will
be required to hanale, position, and hold down the components,

The stations must also be capable of:

B

al a, Hot alkaline clean;

_ b, Tap water rinse, 160°F;

= Co Nitrogen purge of rinsed tank,

The required hardware and equipment for the propulsion/iechanical are shown below:

Type Quantity

Lath 9" x 48"

Lath 16" x 34"

10" Tool Maker Lathe

4" bar horizontal boring mill
6'" cap. centuless grinder
8 X 24" universal grinder
24" x 77" surface grinder
I.D. /0.D. grinder

6' arm radial drill

3' arm radial drill

2 spindle x 1/2 cap drill
L/O table

Shear 1/4 x 4"

Brake 1/2'" x 12!

Brake 1/2' x 8

75-ton mechanical press
12! x 3/8" cap roll

#1 buffulo roll

L I I S o I S S S S

—~t emul) G OGN OB o
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Test equipment for the engine tests will consist of five GNg control stations, five elec-
trical test consoles (caster mounted) and five throat plugs. These units will be used
for supply, control, and monitor of enginc systems under test.

Measurement and telemetry equipment will consist of transducers and sensors; such
as pressure, temperature, and strain; multiplexes and RF power assermblies.

Electrical /Electronic Test Equipment — The electrical /electronic test equipment
required for the test stations are as shown helows

a, Signal Conditioner Test Station:

Cont:ol panel,

Power supplies 0-10 VDC, 0-50 VDC,
Vacuum tube volt meter (VIVM),
Decade box;

Vibration Test Station:

Shaker head,

Shaker exciter amplifier,
Oscillator,
Accelerometer
Accelerometer ref. std.,
Power supply 5 VDC,
VTVM;

RF Test Station:

Test coder,

TM signal generator,

Command test panel,

Destruct system controllers test panel,
Power supply 28 VDC (2 required),
Impedance bridge,

Load barl, ‘

Oscilloscope,

Audio oscillator,

10, VTVM;

° ©

m‘-QGUI:PWNH

(=]
°

Telemetric RF Test Station:

RF power amplifier, frequency modulation monitor,

Test control panel, RF switch and 6.3 VDC power panel,

TLM spectrum analyzer, RF spectrum analyzer,

TLM signal generator, PCM simulator, TLM receiver,

Wave analyzer, wattmeter attenuator, B+ modulator and noise generator
(three each),
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6. VTVM, power supply 5 VDC, oscilloscope, pulse generator, input and
timer, power supply 0-500 VDC;

PCM/FM Test Station:

1, Data control panel, B+ modulator and noise generator,

2, Linear sweep generator, correlator panel, test control panel, power
supply, digital signal simulator panel, FM demodulator, wattmeter atten-
uator,

PCM bit synchronizer, TEK 565 scope,

TLM receiver, digital sensor simulator panel precision D/A convertor,
audio oscillator,

VTVM decode resistor and capacitor, load bank,

6. Power supply 5 VDC, square wave generator, counter and power
supply, 28 VDC;

Pressure Transducer Test Station — VTVM, regulator valve, gag> 0-1500
psia, power supply 10 VDC and 25 VDC, 100K ohm resistor;

On-Board Computer Test Station — Checkour control panel;

Antenna Test Station:

1, VHF signal generator, test control panel,

2, Power oscillator, VHF signal oscillator,

3. Radio interference meter, power oscillator; VTVM power supply,
wattmeter RF power meter and load bank;

Instrumentation Test Station — EBW control and monitor tcst panel, Rall
Control Electronics, test panel inertial sensor test panel:

Acoustic Test Station — VRMS meter, calibrated sound drivers, VTVM oscil -
lator, power supply.

5,2,8.5 Main Stage Capital Equipment Costs

Where possible, costs of equipment were obtained from existing cost lists for equip-
ment, When lists are not made available the cost is factored from actual equipment
costs on S-IC and other programs,

Equipment costs include:




5.2.8.5 {Continued)

Q. Estimated delivered cost;

b, Equipment installation;

C. Equipment engineering support,

Equipment costs are for facilities type, purchasable equinment and installations.,
Special handling fixtures, jigs, tooling and data acquisition equipment are not included.
The support equipment for post manufacturing and stage checkout area cost is estima-
ted to he 310,000,000, This is based on actual costs for S-IC facilities at Michoud.

Associated with the equipment costs, (nourecurring) are costs for equipment mainte -
nance (recurring). Equipment maintenance cost is based on a percentage of the total
estimated maintenance cost. The percentage used is based on individual judgment,
depending on the quantity and type of equipment in the areas considered, Table 5.2.8.5-1.

TABLE 5.2.8.5-1 MAIN STAGE MANUFACTURING EQUIPMENT
COST SUMMARY - AMLLV AND MLLV

MAIN STACE MAIN STAGE
NON-RECURRING RECURRING $/YR
EQUIPMENT EQUIP, MAINT,
AREA AMLLV MLLV 4‘; AMLLV MLLV
Main Stage Mfg. Bldg. $42, 342,000 | $40, 316, 000 $1,984,000 | $1,890,000
Vertical Ass'y Building 4,594, 000 4, 144,000
Post Mfg, and Checkout *300, 000 *300,000 * 219,000 208, 000
Office 1,586, 000 1,586, 000
TOTALS $48, 022,000 | $4€, 346, 000 $2,203,000 { $2, 095,000

*Bzsed on the S-IC, the cost of th.: Z8% would b2 v, v00, 000 for a total equip-
ineue ¢i $10,300,000, Muintenance »f he GSE (primarily data acquisition

equirmunt) is not reflected in the equipment maintenance cost,

Further analysis of the main stage costs in Table 5.2.8.5-1 are shown in Tables
7.2.8.5-I and -III. These latter tables further define both the costs of the main
and injection stage equipment in Table 5.2.8.5-II, and the costs of the verticui
assembly building, post manufacturing and checkout and office building equipment,

in Table 5.2.8,5-I11.
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TABLE 5.2.8.5-11 MLLV AND AMLLV MAIN AND INJECTION STAGE
MANUFACT{URING EQUIPMENT

EQUIP, $/SQ. FT,
AREA SQUARE FEET DOLLARS EQUIP, REMARKS
Bldg. Shell Low Bay 2,790,000 %2,700,000
Bldg. Shell High Bay 250, 000 * 200, 000 sq. ft.
Skin and Core Fab, 320, 000 12,800,000 40,00
5 Rework and 150, 000 6, 000, 000 40,00 *135, 000 sq.ft,
Modification $5,400, 000
_ Chemical Clean 67,500 4,725,000 70.00 * 65,000 sq, ft,
' $4, 550, 000
Major Clean 22,500 1,125,000 50.00  * 18,000 sq. ft.
$ 900,000
' Minor Assembly 500, 000 4,500,000 9.00 *400, 000 sq,ft,
$3,600, 000
Major Assembly 250, 000 2,500,000 10,00 *200, 000 sq . ft.
l $2, 000, 000
Major Paini 45, 000 675,000 15,00 * 38,325 sq.ft,
$ 575,000
! Elect. /Electronic 5., 000 750,000  15.00
Horizontal Instl, 50, 000 300, 000 6,00
Component Test 180, 000 12,600,000 70,00
l Subsystem Test 70, 000 1,750,000 25,00
Production Countrol 100, 000 5, 000,000 50,00 Equip, dollars
Non-Destruct Test 25,500 420,000 20,00 includes primary
' Measurement Control 15,000 375,000 25,00 utilities, heat,
Mfg. Dev. Lab 15,000 1,059,000 70,00 air conditioning
Equip. Maintenance 40, 000 600, 000 15,00 and power
' Plant Services 40, 000 120, 000 3. 00
Mock Up 40,000 5,000 . 125
Receiving and 60, 000 180, 000 3.00
Inspection ‘
Shipping 37,500 50,000 1,35
Whse, and Stores 450, 000 900, 000 2,00
Support Facilities 500,000
EQUIP. MAINTENANCE/YR,
AMLLV $2,656, 000
MLV $2,520,000
TOTAL AMLLV 356,255,000
TOTAL MLLV $53,755, 000
* Floor Space and Equipment dollars for the MLLV are the same as the AMLLYV
except wherz shown by asterisks,
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TABLE 5.2.8.5-II1

MLLV AND AMLLV MAIN AND INJECTION STAGE

MANUFACTURING SUPPJRT AREAS EQUIPMENT

AMLLV

AREA
S5Q. FT,

EQUIP,
DOLLARS

$/8Q. FT.
EQUIP,

MAINT. /YR,
EQUIP,

Vertical Assembly
Building

Post Mfg. and
Stage Test

Office

87,500

50, 000

659, 000

MLLV

AREA

SQ. FT,

$6, 125, 000

400, 000

$2, 115, 000

EQUIP,
DOLLARS

70.00

8,00

3.25

$/SQ. FT,
EQUIP,

$2,656,000

50, 000

$ 165,000

MAIN./YR.
EQUIP.

Vertical Assembly
Building

Post Mfg, and
Stage Test

Office

79, 000

50, 000

650, 000

$5,525, 000

$ 400, 000

$2,115, 000

70,00

$2,520, 000

$ 50,000

$165, 000

H5.2.8,6

Main and Injection Stage Manufacturing Facilities

The facilities will provide the necessary space, equipment, utilities and support to
fabricate, assemble anc check out the main and injection stages plus liquid engine
manufacturing. Yigure 5.2.8.6-1 illustrates the manutacturing facility, brick and
mortar and equipment timeline,
injection stage manufacturing facility layout.

The manufacturing complex will be comprised of four buildings or areas:

a. Cor(; and injection stages fabrication;
b. Vertical assembly building;

C. Post manufacturing and stage checkout;
d, Office building ,

Figure 5.2.8.2-2 presents the main stage and
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5.2.8,6 (Continued)

The AMLLV and MLLV main and injection stage building will contain 1>w-bay and
high-bay ureas. The AMLLV low-baywill have a clear truss height of 40 feet and
cover approximately 2,790,000 square feet, This area is 2,700,000 for the MLLV.
Basic manufacturing, minor assembly, labs, component testing, cleaning, painting,
shipping, receiving and support facilities will be housed in this area.

The AMLLV high-bay will have a clear truss height of 125 feet and cover approximately
250,000 square feet. For the MLLV this area is 200,000 square feet. This area will
be used for assembly of large components, suck as bulkheads and skirts, and final
assembly of injection stages.

The AMLLYV vertical assembly building will have a clear truss height of 250 feet and
cover 87,500 square feet. The MLLV floor space is 79, 000 square feet. Space is pro-
vided for two tank assembly areas, one hydrostatic tank test area and one final assem-
bly area.

The post manufacturing checkout facilities for either the AMLLV or MLLV will provide
areas for one core stage and one injection stage, with adequate room for data acquisi-
tion and support equipment, total area of approximately 50, 000 square feet with 100-
foot clear truss height. The office building for either the AMLLV or MLLV will pro-
vide 650,000 square feet,

Costs shown are for basic steel and concrete structures with utilities and services
inciuded. Additional costs for some of the special areas are also shown,

The manufacturing facilities for the MLLV are the same as the AMLLV. The only
change would be a reduction in size of some of the assembly areas. The major com-
ponent assembly, the minor assembly, the vertical assembly would be reduced ap-
proximately 20 percent. The engine manufacturing facilities and office areas would
require the same space,

Equipment costs would reduce by a small percentage, as the only change wou'd be
physical size of some of the machines and fixtures.

Manufacturing Facilities Cost — The following ground rules are the basis for these
estimates:

a. No existing facilities usage will be considered;
b. Launch and production rate shall be two/year;
c. Design and manufacturing of the core stage and injection stage, will be accom-

plished in all new facilities near Michouc. Liquid engines will be designed,
developed and manufactured at a separate subcontractor's facility.
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5.2,8,6 (Continued)

The costs for the brick and mortar, nonrecurring costs, were established based on the
maximum AMLLYV vehicle, MLLV facility cost is an itemized percentage reduction
based on facilities engineering judgement and inputs from other organizations involved,

The cost dollar figures given for brick and mortar construction, Table 5.2.8.6-I through
Table 5.2.8.6-1V include the following phases and resources of project accomplishment.

Accomplishment Phase Resource

Concepts and Planning Aerospace Company

Design Criteria A&E Contractor

Final Design and Specifications A&E Contractor

Construction General Construction Contracior
Construction Surveillance A&E Contractor and Aerospace Company
Contract Administration Aerospace Company

The cost of these various phases are based on a percentage of construction cost; how-
ever, the percentage figure varies from one construction project to another depending
on size and complexity. The percentage figures used to arrive at the cost breakdowns
were a matter of individual judgement and experience with present day practices.

Construction costs are established based on actual costs of similar construction proj-
ects, when available, and concept sketches or individual estimating experience in other
cases.

Total maintenance of the brick and mortar, recurring costs, are included in the Tables
5.2.8,6<I through 5.2.8.6-IV and include the following on a per year basis:

a. Craft labor maintenance and material;

b. Transportation and handling;

Co Janitorial service;

d. Coordination;

€. Equipment management;

f. Facilities planning;

g. Equipment and plant engineering support;
h, Facilities management,

The maintenance costs were arrived at by dollars per square foot per year or scaled
actuals of similar programs, On this basis, the maintenance costs were scaled down
or up, according to facilities engineering judgement, from acwscl maintenance costs of
existing similar Boeing facilities maintenance cost, or actual maintenance cost of
NASA sponsored Boeing R&D contract,

Costs shown are for basic steel and concrete structures with utilities and services in-

cluded. Additional costs for some of the special areas are also shown. These items
are listed under '""Physical Requirements' following the tables,
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5.2.8.6 (Continued)

TABLE 5.2.8,6-1 AMLLV AND MLLV MANUFACTURING

FACILITIES COST SUMMARY
(MAIN STAGE)

AMLLV MLLV

N onrecurrin? Recurring Nonrecurring | Recurring
Brick & $/Year Brick & $/Year
Area Mortar Bldg., Maint.{ Mortar Bldg., Maint,
Main Stage Mfg. $ 80,985,000 $4,631,000 || $ 73,875,000 ] $4,410,000

Bldg.
Vertical Assembly 14,437,000 110,000 11,550,000 110, 000

Building
Post Mfg, & 4,500, 000 64,000 3,600,000 64,000

Checkout
Office 13,406, 000 1,095, 000 13,406,000 1, 095,000

Totals $113,328, 000 $5,936,000 $102,431,000| $5,679,000

Tables 5.2.8.6-II and -III show costs for the manufacturing facility. Table 5.2.8.6-I11
shows the manufacturing support areas brick and mortar costs (non-recurring) and

the building maintenance (recurring) costs. Table 5.2.8.6-III shows the manufac-
turing building brick and mortar (non-recurring) costs and the maintenance (recurring)
costs.

Table 5,2.8,6=IV separates the non-recurring get ready costs for facilities and
equipment for the main and injection stages from the totals. The recurring maintenance
costs are similarly broken out, so that individual costs can be determined as required
for either the main stage or the injection stage.

TABLE 5.2,8.6-I1 AMLLV AND MLLV MANUFACTURING

SUPPORT AREAS
(MAIN AND INJECTION STAGE)

» Bldg.
$/8q. Ft. Total $ Maintenance/
Area Sq. Ft. B&M B&M Year §

Vertical Assembly Bldg. MLLV | 79, 000 $ 220. 00 $15,400,000 |3 165, 000
AMLLV{ 87,500 $ 220,00 $19,250,000 )3 182,900

Post Mfg. and Stage MLLV | 50,000 $120.00 S

4,800,0001% g0, 0oc
Test AMLLY| 50, 000 $120,00 | $ 6

8
,000,000 13 100, 000

Office MLLV |650, 000 $ 27.50 | $17,875,000]%1,460,000
AMLLV| 650, 000 & 27.50 $17,875,000] 31,460, 000




5,2,8.6

(Continued)

TABLE 5.2.8.6-IIT AMLLV AND MLLV MAIN AND INJECTION STAG
MANUFACTURING BUILDING

$/8q. Ft. Total $
Area Sq. Ft, B&M B&M Remarks
Bldg. Shel 2,700,000 20,00 54,000,000 | Includes primary
Low Bay utilities, heat, air
conditioning and
power,
Bldg. Shell 250,000 100,00 25,000,000 | * 200,000 sq.ft,
High Bay $20, 000, 000
Skin and Core 320,000 15.00 4,800,000 | * 250,000 sq,ft,
Fab, $3,750, 000
Rework and 150, 000 10,00 1,500,000 | * 120, 000 sq .ft,
Moditication $1,200, 000
Chemical Clean 67,500 40,00 2,700,000 | * 60,000 sq,ft,
$2,40C, 000
Major Clean 22,500 15.00 337,500 { * 20,000 sq.ft,
$ 300,000
Minor Assembly 500, 000 10, 00 5,000,000 1 * 400,000 sq.ft.
$4, 000, 000
Major Assembly 250,000 10, 00 2,500,C00 | * 200,000 sy, ft,
$2, 000, 000
Major Paint 45,000 10.00 450,000 | * 35,000 sq.f{t.
$350, 000
Elect./ 50,000 10,00 500,000 | * 40, 000 sq. ft.
Electronic $400, 000
Horizontal Instl. 50,000 4,00 200,000 { * 40,000 sqg.ft,
$400, 000
Component Test 180, 000 25.00 4,500,000 | * 150, 000 sq.ft.
$3,750, 000
Subsystem Test 70,000 25.00 1,750,000 | * 60,000 sq,ft,
$1,500, 00C
Production Control 100,000 12,00 1,200,000
Nondestruct Test 25,500 25,00 562,500 | *23, 225 sq.ft,
$404,500
Measurement 15,000 30.00 450, 000
Control
Mfg, Dev. Lab 15,000 10,00 150,000 | * Floor space and
Equip. Maint. 40,000 1.50 60,000 | facility dollars for the
Plant Services 40, 000 15,60 600,000 | MILLV are the same
Mock Up 40,000 2,50 100, 000 } except where shown
Receiving and 60, 000 2.00 120, 000 | by asterisk.
Inspection n
Shipping 37,500 2,00 75,000
Whse and Stores 500, 000 1,50 750, 000 | Maintenance/Yr,
TOTAL AMLLV $107,950,000 $ 6,174,000
TOTAL MLLV $ 98,500,000 $ 5,880,000




5.2.8.6 (Coatinued)

TABLE 5.2.8.6-IV AMLLV/MLLV MAIN AND INJECTION STAGE MANUFACTURING
FACILITY MAINTENANCE COST - RECURRING AND NONRECURRING

AMLLV MLLV
Total Total Total Total
- B&M Equipment B&M Equipment

Nonrecurring Costs - Manufacturing Building

Main Stage $ 80,980,000 $ 42,342,000 373,875,000 $40,316,000

Injection Stage 27,000,000 14,114,000 24,625,000 13,439,000
Total $107,980,000 $ 56,455,000 $98,500,000 $53,755,000

Nonrecurring Costs - Manufacturing Support Areas

Main Stage $ 32,344,000 $ 6,480,000 $28,556,000 § 6,030,000

Injection Stage 10,781,000 2,160,000 9,519, 000 2,010,000
Total $ 43,125,000 $ 8,640,000 $38,275,000 $ 8,040,000

Recurring Costs - Manufacturing Building Maintenance

Main Stage $ 4,634,000 3 1,984,000 $ 4,410,000 $ 1,890,000

Injection Stage 1,540,000 662,000 1,470,000 630, 000
Total $ 6,174,000 $ 2,646,000 $ 5,880,000 $ 2,520,000

Recurring Costs - Manufacturing Support Areas Maintenance

Main Stage $ 1,307,000 $ 219,000 $ 1,269,000 $ 208,000

Injection Stage 435, 000 74,000 423, 000 70,000
Total $ 1,742,000 $ 293,000 $ 1,692,000 $ 278,000

Main Stage Liquid Engines — The liquid engine building for either the AMLLV or
MLLYV will contain approximately 850, 000 square feet and provide complete facilities
for engine fabrication and assembly. Although the liquid engines will be procured
items from a subcontractor, facilities and equipment requirements have been esti-
mated. Table 5.2.8.6-V lists nonrecurring facility costs, and recurring maintenancc
costs, Table 5.2,8,6-VI reflects the facility equipment costs for engine manufacture.
Thesc costs will be the same for either the AMLLV or MLLV configuration.

Main Stage Electrical/Electronics — The facilities shown in Table 5.2.8.6-VII
identify the floor space and tooling requirements for the Electrical /Electronics
systems., 2600 square feet of floor space will be required.




5.2,8.6 (Continued)

TABLE 5.2,8,6-V AMLLV AND MLLV LIQUID ENGINE
MANUFACTURING FACILITY

Maintenance/
$/Sq. Ft. Total $ Year
Area Sq. Ft. B&M B&M Bldg.

Fabrication, 250,000 15,00 3,750,000

Assembly
Assembly 150,000 10,00 1,500,000
Lab 100, 000 30,00 3,000,000
Cleaning 50, 000 40,00 2,000,000
Whse. and Storage 180,000 2,00 360,000
Support (Aisles, 120, 000 2,00 240,000

Toilets)
Building Shell 850, 000 20,00 17, 000, 000
$27,850,000 |$ 1,795,000

TABLE 5.2.8.6-VI AMLLV AND MLLV LIQUID ENGINE
MANUFACTURING EQUIPMENT

Maint, /Yr.
Equip. $/Sq.Ft. | Equipment-
Area Sq. Ft. Dollars Equip. Dollars

Fabrication, 250, 000 $12,500, 000 50,00
Assembly
Assembly 150, 000 2,250,000 15,00
Lab 100, 000 7,000,000 70,00
Cleaning 50,000 3,500,000 70,00
Whse, and Storage 180, 000 360, 000 2,00
Support 120,000 -
(Aisles, Toilets)
Bldg. Shell 850, 000

Total 1,700, 000 $25,610, 000 $765, 000




5.2,8.6 (Continued)

TABLE 5.2.8.6-VII PHYSICAL REQUIREMENTS IN THE
ELECTRICAL/ELECTRONIC FABRICATION AREA

@ Bench Area

¢ Class S Area, 1500 square feet
+ Hand Tools required plus some work holding devices

@ Cable Area

« No control on environment, 200 square feet
* Hand Tools required

* Cable layout tables required

» Kingsley Wire Marker required

@ Etched Card Fabrication Area

¢+ Class S area required, 300 square feet
+ Equipment required:

= Contact Printer

- Printing Frame

=Carbon Arc Lamp

=Photo Resist Tank

=-Photo Resist Dye Tank

-Vapor Degrease and Development Taul;

-Etch Tank (Ceramic)

-Rinse Tanks

=Drying Equipment
«Infra Red Heat
Warm Air Fan

Spray Gun

@ Conformal Coating Area

+ Class S environment, 300 square feet
+ Equipment required:

~0Oven
-Table

@ Potting Area

*Class S environment, 300 square feet
«'Tools ¢

-Hand Tools

=Potting Molds (50 Total)
-Rack for Molds




L 3%

5.2.8.6 (Continued)

Test Facility Requirements — Test facility requirements are as follows:

de

be

Co

€.

go

Floor space requirements - 160- by 100-foot area or 16,000 square fec';

Environmental conditions - air conditioned facility with conditions sir.ilar to
existing lab facilities. (70 + 18°F and 60 percent relative humidity);

Lighting - minimum of 100 foot-candles at working surfaces;

Test cells - test cells will be constructed of concrete block or concrete slab
to withstand the force of complete failure of the largest component tested
within the cell. Possible consideraticn should be given to blow-out panels
in the roof or ceiling;

Nitrogen system:
1, Nitrogen @ 5000 psig all test stations,
2. Nitrogen @ 3000 scfm for one minute and 3500 psig at the GNy test cells,

3. Super dried (2 PPM moisture content) 125 psig purge nitrogen & 1300F
at each test station;

General construction - walls and ceilins = shonld be finished in a hard surface
material of epoxy tyr: paini to proviue resistance to clipping, flaking or
powdering. rloors should be covered with a dust resistant vinyl floor ma-
terial;

Special considerations - the test facility should be located at an outside wall
for the location of the large component test cells. The immediate outside

area could be fenced off and used as the flow exhaust area and provide for

vent control systems in the event of having to test fluid contaminated hardware.

Engine Test Facility — Ten pit areas with hydraulic lift, intake and exhaust blowers,

work platforms, electrical outlets, lighting, facility drain system (area of 10, 000
square feet is required).

Test stations required in the electrical /electronic test area are:

Q.
b.
C.
d.
€.
f,

ge

Signal Conditioner Test Station;
Vibration Test Station;

RF Test Station;

Telemetric RF Test Station;
PCM/FM Test Station;

Pressure Transducer Test Station:
On Board Computer Test Station;
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5.2.8.6 (Continued)

h, Antenr.a Test Station;
i. Instrumentation Test Station;
Jo Accustic Test Station,

5.3 INJECTION STAGE MANUFACTURING PLAN

This manufacturing plan presents manufacturing, fabrication, and assembly methods
for the injection stage of the Advanced Multipurpose Large Launch Vehicle (AMLLV)
and the half size Multipurpose Large Launch Vehicle (MLLV). As the injection stage
is essentially identical for both the AMLLV and MLLV, only one plan has heen pre-
pared to cover both injection stages. Where the AMLLYV injection stage differs from
the MLLV, the differences are shown in brackets for the AMLLV, Brackets will also
be used to euclose material relating to the AMLLV when it is important to display
such information simultaneously with the MLLV. ’

The plan is, where practicable, an extrapolation of fabrication techniques developed
for the Saturn V, S-IC booster stage., By making use of the plans, processes and
tooling concerts developed for that stage, program cost for the fabrication of the
MLLV [AMLLV] injection stage will be minimized. Nevertheless, where different
processes appear advantageous, they are incorporated in the plan.

563.1 Injection Sftage Description

The injection stage will consists of propulsion modules stacked atop each other. The
stage may contain as many as three modules, depending on mission requirements., The
ergine module will be a cylindrical, aluminum skin-stringer-frame structure, 56.7

[ 73.7] feet in diameter by 15 [18.3] feet in height. The fuel modules will be

8.7 feet height. Each module will contain two toroidal tanks. The bottom module

of the stage will contain the rocket engines. Two engines per module will be used.

The cylindrical skin siructure of each module, which is similar to the forward skirt
of the core stage vehicle, will be constructed from 7075-T6 aluminum skin panel sub-
assemblies, The torus tanks will be constructed from 2219-T87 aluminum. The
outer, LH, tank wili be attached to the inside wall of the cylindrical skin structure,
The inner LOX tank, located within the inner circumference of the LHy tank, will be
attached to the outer tank by means of a fiberglass/epoxy skirt. Engines will be
attached to thrust posts (only on bottom module) mounted circumferentially around
the injection stage skin. The module for the bottom portion of the injection stage is
illustrated in Figure 5.3.1.0-1. Other modules will be similar but do not contain the
rocket engines and accessories,

5.3.2 Guidelines and Assumptions

This manufacturing plan w«s based on the injection stage design configuration illus-
trated in Boeing documented cost studies of Multipurpose Large Launch Vehicles.
These studies are containad in Volume II of this final report, Half Size (MLLV)
Concertual Design; and Di-13421-2, Study of Advanced Multipurpose Large Launch
Vehic.es - Technical Report,
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9.3.2 (Continued)

The injection stage manufacturing plan was developed in accordance with the follow ing
guidelines and assumptions:

a, A productiou rate of two vehicles per year;

b. Saturn V, S-IC plans, processes and tooling will be used for producing MLLV
[ AMLLV ] hardware wherever possible;

Co All tasks are planned on the basis of two-shift; forty-hour work week;

d. The plan is based on LOX cleaning for which techniques and processes have

previously been developed;

€. All subsystems functional and acceptance testing will be performed by the
vendor except as noted;

f. No provisions have been made for spares or test hardware;

g, Make-or-buy determinations will be in consonance with precedents established

‘ by the Saturn program,
5.3.3 Injection Stage Fabrication and Assembly Procedures

The lower injection stage module (the engine module) will be manufactured in the
following major components:

a. Torus tanks, comprised of LHp tank and LOX tank;
b. Skin panel assemblies;

C. Interface ring;

d. Thrust ring frame;

e, Hanger skirt;

f. Engine mounting forgings;
g Base heat shield assemblies;
h, Engine and accessories.

Ti.e fabrication and assembly sequences required to produce the.majcr structurai.
assemblies are described below., Other assemblies such as engine and accessories

are not discussed, other than final installation,
5.3.3.1 LHy Torus Tank Fabrication and Assembly Procedures
The LH2 torus tank is approximately 56 [71] feet in diameter and has a cross-

section diameter of 8 [10] feet. The fabrication plan calls for manufacturing this
tank in the following major subassemblies or parts:

a. LHg manifold ring (2219-T87 AL);
' b. LH, manifold fittings (2219-T87 AL);

C. LHy tank outer T-ring (2219-T87 AL);
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503.3.,1 (Continued)

d. LHy tank inner T-ring (2219-T87 AL);

e. LH, tank section splice-segments (2219-T87 AL);
fo LHg tank shear-webs (2219-T87 AL):

Zo LHy tank skins (2219-T87 AL).

As the LHg and LOX torus tank of the injection stage are similar in configuration and
structure (differing only in size), the manufacturing sequences required to produce
these tanks will be almost identical. In describing these sequences, the LHg tank is
taken as the typical example, The LOX tank assembly sequence is presented as a
matter of format and its context will be referenced to the LH, tank assembly where
fabrication plans are the same,

The following paragraphs describe the detail fabrication and final assembly operations
for each of the above assemblies,

LHo Manifold Ring — The LH2 manifold ring will be constructed in 12 tubular seg-
ments. The tube will be purchased in predetermined lengths and stretch-formed to
circular curvature. The segment will then be heat treated to the designated temper.
After heat treat, the part will be cleaned and the ends trimmed. The ring segments
will then be transferred to a Niles boring mill where the upper and lower fitting open-
ings will be machined. Next, the ring segment will be moved to the LHg manifold
segment weld fixture, Figure 5.3.3.1-1. and positioned. The lower manifold fittings (pre-
viously fabricated) will then be welded to the ring segments. The ring segments will
then be transferred to the LHy manifold ring assembly fixture, Figure 5.3.3.1-1. The
ring segments will then be positioned in the fixture with the lower fittings on the
underside. The ring segments will be aligned, clamped, and welded, and the welds
will be X-rayed and repaired as required. The upper manifold fittings will subse-
quently be positioned on the upper opening, aligned, clamped, and welded in position.
A holding fixture (similar to lower manifold fitting hold fixture) will be used to hold
fittings for welding, The now complete LHo manifold ring will be removed from its
assembly fixture and transferred to the LHy tank assembly fixture, Figure 5.3.3.1-2.

Upper and Lower LHo Manifold Fittings — The LH2 manifcld fittings will be fabri-
cated from cylindrical aluminum tubing, The tube will be cut to length, rough
machined and heat treated to designated temper. The part will then be cleaned,
finish machined, and transferred to a holding area while awaiting assembly into the
LHs manifold ring segment or ring frame,

I.LHo Outer T-Ring — The outer T-ring is the circumferential splice between the
upper and lower half tank skins, It will also be fabricated in 12 segments, The
segments will be aluminum extruded T-sections. The segments will be roll -formed
to circular contour, heat treated, ends trimmed then welded into the ring form. This
ring is then X-rayed and repaired as required,

-

Figure 5.3.3.1-3 depicts this ring in the welding fixture. After the ring has been
trimmed and inspected, it will then be transferred to the LHy tank assembly fix-
ture, Figure 5.3.3.1-2, using the T-ring handling tool depicted in Figures 5.3.3.1-4
and 5.3.3.1-5.
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9,3.3, 1 (Continued)

LHy, T-Ring — The inner T-ring will be fabricated in the same manner as the outer
T-ring. It will also be constructed from extruded, aluminum T-sections, From its
assembly station, the innep T-ring assembly will be transferred to the LHo tank
assembly fixture,

LH, Section Segraents — The seltion splice Segment is one quadrant of the cross-
scction s blice ring that will interface with the LHy tank skins ends, Four segments
Wil be required at each tank skin joining end, The section splices will be fabricated
from 2219-T87 aluminum T-extrusions. The extrusicns will be rolled to contour,
heat treated, then tinish machined, The conmplete splice sections will then be trans-
poried to the IL.Ho tank assembly fixture, Figure 5.3,3. 1-6,

LHp Sheai webs — -
provide interna]

parts, consisting of an upper and lower Lalf, The lower section will have a U-shaped
opening where the upper half will not, Except for this detail, the fabrication of the
two halves will be similar, Assembly sequences are illustrated in Figure 5.3.3.1-7,

LH2 Tank Sking —- The LH2 tank sldns will be fabricated from 12 torus segments,
segments, constructed from 2219-T87 aluminum, will consist of an upper and lower
half. The section halves will be formed by the buige form method, Figures 9.3.3.1-2
and 5.3,2,1-6 illustrate the manufacturing flow of these parts,

Other alternatives considered for the fabrication of the LH, torus tanks are bulge
torriing the tank Scgments in the inner/outer half configuration and explosive form-
ing the tank Segments from cylindrical tubes. The first alternative would involve an
additional bulge form die, but would be advantageous in that the weld seam would be
placed at the area of least stress., The fabrication method selected for this manu-
tacturing plan places the weld scam at the area of the highest stress, but involves
making only one bulge form die,

The second alternative, explosive forming the segments from cylindrical tubing,
is feasible at thig time, i g ize required is now availabl

would be desirable,

LH, Major Assembly — The assembly of the LHo tank will begin by the fabrication
of thé LH» manifold ring. Once this ring is complete, it will be placed in the LHg
tank major Assembly fixture, Figure 5.3.3.1-2, Here, 12 lower half tanks and

12 splice secttons wiil be placed in the fixtu

be followed by placing the T-rings on the lower tank halves and welding., The upper
tank skins and shear webs will then be installed; the tank skins being welded to the
T-chords and the shear webs being mechanically fastened to the splice stations,
Figures 5,0,5.1-6 and 5.3.3,1-8,
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5.3.3.1 (Continued)

The completed tank will then be transferred to the hydrostatic test facility where the
assembly is LOX cleaned and proof tested. The tank is then returned to the assembly
fixture whe e the fiberglass hanger skirt (with LOX tank attach holes previously
drilled) is installed. The LHy tank wili then be moved to the final injection stage
assembly fixture.

5.3.3.2 LOX Torus Tank Fabrication and Assembly Procedures

The LOX tank is similar in configuration to the LHp tank. It will be approximately
4[0 [50] feet in major diameter and will have a cross-section diameter of 5.75
6.5] feet.

The LOX tank will be constructed from the following subassemblies:

a. LOX manifold ring;

b, LOX manifold fittings;

C. LOX tank outer T-ring;

d. LOX tank inner T-ring;

€. LOX tank section splice segments;
f, LOX tank skins;

g. LOX tank shear web.,

The assembly and fabrication methods for each of these components is very similar
to the methods proposed for manufacturing the corresponding part of the LHo torus.
The materials of construction of the LOX tanks are the same as the LH9 tanks,

LOX Manifold Ring — Fabrication sequence will be the same as that for the LHy
manifold ring;

LOX Manifold Fittings — Fabrication sequence will be the same as that for the LHy
manifold fittings;

Outer T-Ring (LOX Tank) — Fabrication sequence will be the same as that used for
the LHy outer T-ring assembly;

Inner T-Ring (LOX Tank) — Fabrication sequence will be the same as that used for
the LHg inner T-ring assembly;

Section Splice Segments (LOX Tank) — Fabrication sequence wili be the same as
that used for the LHg section splice segments;

Shear Webs (LOX Tank) — Fabrication sequences will be the same as that used for
the LHo shear web assembly;

LOX Tank Skins — Fabrication saquences will be the same as that used for the LH2
tank skins;




90303.2 (Continued)

LOX Tank Major Assembly — The major assembly sequence will be the same as that
for the LHo torus tank final assembly,

Upon completion of the assembly, the LOX tank will be transferred to the Hydrostatic
Test Jacility where it is LOX cleaned and proof tested. The tank will then be trans-

ferred to the final injection stage assembly fixture, where the fiberglass hanger skirt
is preinstalled,

95:3:,3.3 Skin Panel Assemblies

The injection stage outer skin will be composed of 12 skin panel subassemblies, Each
skin panel assembly will consist of a milled and roll-formed 7075-T6 aluminum alloy
skin to which 23 hat section stiffeners will be mechanically fastened.

The skin panel assembly itself will be made up of detail parts and no subassembly will

be required in its fabrication, Fabrication of these parts and final assembly is de-
scribed below,

Skin Panel - Skin Segments — The skin panels will be cut from 7075-T6 aluminum
alloy sheet stock, milled to the proper thickness and rolled to contour., When all
machining and forining operations are complete the skin will be cleaned, primed and
stored for later use,

Skin Panel - Hat Section Stiffeners — Each of the 23 hat section stiffeners will be
fabricated from a 7075-T6 aluminum extrusion. An upset will be joggled in the middle
of the long stringer and at both ends to accommodate the interface rings, When form -
ing is complete, the stringers will be cleaned, primed and stored for later use,

Skin Panel Final Assembly — The skins and preformed hat sections will be loaded into
a subassembly jig. A drill plate will be positioned over the stringers and fastener
holes will be drilled with automatic airfeed drills, The parts will be removed from

the jig, cleaned, deburred, and reinstalled in the subassembly jig, Alil fasteners ex-
cept those common to ring segments and thrust ring frame will be installed, Those
holes will be pilot drilled for later assembly in the major assembly jig. A 24th hat
section will also be installed at the splice station at final assembly. When subassem-
bly is complete, the skin panels will be placed on a transportation/storage dolly for
future use.

5.3.3.4 Thrust Ring Segments

Two thrust rings, each consisting of 12 segments, will be used in the basic injection
stage. These rings will be mechanically fastened to the skin at locations above and
below the engine mount forgings,

Each segment will consist of a honeycomb core to which upper and lower face sheets
and Z-strips are bonded. Inner and outer T-chords will be mechanically fastened to




5.,3.3.4 (Continued)

form the completed segment. The inner and outer T-chords, Z-strip, and upper and
lower face sheets will be cut to size and rolled to the proper curvature as required,

A track router will be used to trim the face sheets. All face sheets, T-chords, and
Z-strips will be deburre., alkaline cleaned, rinsed, recleaned in a hot deoxidizing
solution, rerinsed and then dried. Rough formed honeycomb cores will also be placed
in a track router, A combination vacuum/polyglycol chuck will be used to hold the
structure firm while excess material is removed,

When all cutting and routing operations are complete, the hardened polyglycol will be
rinsed away with hot water. Completed honeycomb sections will be once again de-
greased and dried. Adhesive primer will then be applied to these surfaces which re-
ceive bonding ageat.

Final assembly of the thrust ring segment will be accomplished in the ring segment
assemkly fixture. A hoisting sling will be useu to load Z-sections into the ring seg-
ment bonding fixture. Face sheets will be coated with adhesive boinding ugent and
loaded into the fixture. A vacuum bag will be placed over the face sheets to provide
the force necessary to assure a permanent bond, The entire assembly will then be
moved to the autoclave where the curing cycle will be completed. When the prescribed
curing time has expired, the assembly will be removed and allowed to cool, The
honeycomb web will then be conversion coated and spray primed. The inner and outer
T -chords will be loaded into the ring segment assembly fixture, The honeycomb web
will be positioned also and all attach holes will be drilled with the use of drill plates
and automatic air feed drills,

When the attach holes are completed, parts will be removed, deburred and replaced
in the fixture. All fasteners will be installed which are common to the T -chords and
web assembly only. Rivets will be touched up with primer prior to removal to a
transport/storage dolly,

5.3.3.5 Interface Ring Segment Assembly

The interface ring is the splice between modules. The ring segments are extruded
2219-T87 aluminum sections stretch-formed to contour,

Two interface rings will be required for each injection stage module. The interface
ring assembly is fabricated in 12 segments, The segments are purchased in extruded
sections and stretch-formed to circular curvature. The ring segments are heat
treated to the designated temper and the ends of the ring segments are trimmed, The
completed ring segment will have a protective finish applied prior to transporting to
the final assembly fixture for the injection stage. The ring segments are assembled
into the interface ring assembly at this location,

5¢3.3.6 Hanger Skirt

The hanger skirt is composed of 12 fiberglass/epoxy 30-degree arcs, which form a
complete cylinder. The upper periphery of this cylinder attaches to the inside diam-
eter of the LHg toroidal tank while the lower edge is fastened to the outside diameter
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5.3.3.6 (Continued)

of the LOX toroidal tank. Fastening to the tank is made with bolts passing through
spherical bearings in the skirt.

Each fiberglass /epoxy segment will be laid-up on a curved form. The skirt will be
thicker at each edge where attachment will be made. Reinforcing metal strips will

be sandwiched between fiberglass layers, When the laminate is cured, the segment
will be remioved from the form and placed on a trim fixture. A track router will trim
the edges, and drill plates which are located on this same fixture will be used to drill
holes to accommodate spherical bearings. These holes will then be reamed and
bearings pressed into place. The rings will then be placed into a holding fixture and
fastened together at their centers using small doublers on each side of the skirt,

5.3.3.7 Engine Mount Structure

The engine mounting structure of the injection stage will be an aluminum (7075-~T6)
forging. The structure will be of a tapered cantilever configuration with circular
holes in the web. The rough aluminum forgings will be machined to the net configura-
tion, then the attach holes for the engine and mounting locations will be drilled. The
completed engine mounting will then be finish-protected and transported to the final
injection stage assembly fixture,

Major assembly operations will consist of NC-milling the rough forging to net size,
cleaning and applying a protective finish, The forgine will then be transported to the
final assembly station,

9.3.3.8 Base Heat Shicld Assembly

The base heat shield will be composed of aluminum honcycomb bonded to two aluminum
face sheets. The aft face sheet will have Refracil support studs attached. The sub-
structure for supporting the panels inside the lower thrust ring will be a grid struc-
ture consisting of 7075-76 aluminun alloy extruded channels, I-beams, and clip
angles. The outer portion of this structure will be attached to the underside of the
lower thrust ring frame. Components are constructed as described below.

Base Heat-Shield Support Structure —— The base heat-shield support structure will be
constructed by locating in the assembly fixture the extruded 7075-T6 aluminum chan-
nels, I-beams, and clip angles which have been cut net from the purchased raw ma-
terial, cleaned, conversion coated and primed. All holes common to these parts will
be drilled, the parts unloaded, deburred, replaced and mechanically fastened, Those
beams which extend beyond the inner diameter of the thrust ring frame will not fasten
at this point but will be drilled and deburred for fastening at stage final assembly,

Honeycomb/Refrasil Panels — Aluminum face sheets will be shea. ~d to rough size,

They will then Le deburred, alkaline cleaned, rinsed, cleaned in a ho deoxidizing
solution, rinsed ard dried. Surfaces to be bonded will be sprayed with an alkaline
primer, The adhesive film will be applied to these surfaces just prior to bonding,




9.3.3.8 (Continued)

Honeycomb cores which are purchased to rough size will be degreased and dried,
The face sheets and honeycomb will be sandwiched and vacuum bagged to apply even
pressure to the face sheets., The entire assembly will be moved into an autoclave for

the curing cycle. When pressure is reached on the outer surface of the assembly,
the vacuum side will be vented to the atmosphere. When the adhesive has cured, the
fixture will be removed and cooled, Using a drill jig, holes will be drilled through
the cores and Refrasil attach stud inserts will be pushed into these holes for fastening
rigidity. The part will now be located by these inserts onto a router table and the
The finished panels will then be conversion coated and

S W VN YRS e

edges will be trimmed net.
primed. The Refrasil attach bolts will be mechanically attached to the honeycomb
Buttons will hold the bolt onto the studs,

core at heat shield assembly. They will be held to the core by studs attached to the

RN %

plished by first moving the support frame, which has been assembled in the inverted
position, to the assembly station. A handling tool for this purpose will be used, Here

aft face sheet of the honeycomb panel,
Heat Shield Major Assembly — Major assembly of the heat shield will be accom-
rill templates which are

— w— )

panels will be positioned on the frame and d

- —

mh
indexed to the assembly fixture are used to drill the attach hole pattern, The parts
will then be removed. The honeycomb zore holes will be enlarged, deburred and

the honeyco
fitted with attach inserts which are potted into place. The support frame holes will
be deburred; the honeycomb cores will be replaced and mechanically fastened, Next
the Refrasil attach bolts will be cut to size and edges sealed. They will be placed into
Buttons will be attached to the studs to hold

The Refrasil edges will overlap to improve insulation,

position with the studs penetrating them.
It should be noted that the heat shield will be finished at stage assembly. The honey-
comb installed thus far, will not reach to the edge of the frame and the Refrasil will

the Refrasil in place,
not reach the edge of the honeycomb. This will permit overlapping in final assembly,

The bulk of the installation will be accormnplished at this point * reduce the amount of

upside-down work at assembly.

Upon completion of the assembly, it will be inverted (using a tool for that purpose)
The number of modules used

and moved to the stage final assembly position.

5.3.3.9 Engine Assembly
The injection stage can vary from one to three modules.,
will depend upon the mission requirements. With the single module configuration,
two engines are used. For the AMLLV configurations, two 250, 000-pound thrust
engines are used, For the MLLV configurations, two 125, 000-pound thrust engines
are used. In both the AMLLV and MLLV configurations, the engines are mounted
180 degrees apart on the engine mounting structure., When additional modules are
added te the injection stages two additional engines are added per injection stage

The engines are received as an assembled subsystem from the propuls.on contractor.

module,
The stage contractor will mount the engines on the stage and ship the assembly to the
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9.3.3.9 (Continued)

launch site for static testing prior to assembly into the vehicle configuration, A
description of the engine is not included herein, as many of its parameters are
classified confidential,

9.3.3.10 Injection Stage Final Assembly

Following are the final assembly sequences for tke injection stage. Detail part-flow
sequences are illustrated on Figure 5,3.3,10-1,

Lower Module — The injection stage may consist of from oa= to three modules; the
lower module will contain all of the engines and heat shield,

Ring Frame Assembly — Fabrication of the injection stage will begin by placing the
aft interface ring frame segments into position on the injection stage final assembly
fixture using the ring frame segment handling fixture. Fastener holes will be drilled,
deburred, and fasteners are installed to complete the ring. Segments of the lower
honeycomb thrust ring, located at the bottom of the thrust posts, ar- positioned in
the fixture, drilled, deburred, and mechanically fastened together using forged back-
up fittings as stiffened splice plates. The forged thrust posts located at each engine
position will then be installed with a handling fixture, and mechanically fastened to
the lower ring. Segments of the upper honeycomb thrust ring frame (which is identi-
cal to the lower frame except that it is inverted) will now be installed and mechanically
fastened.

LOX Tank Emplacement — Using the toroidal tank handling fixture, the LOX (inner)
tank will be lowered into the recess provided in the final assembly fixture,

LHp Tank and Hanger Assembly — The 30-degree segments of the glass fiber/resin
hanger skirt will be spliced together at their centers leaving the tcp and bottom free
to adjust to slight differences in torus tank diameters. Using a handling tool, the skirt
will be lifted into place around the L.OX tank and held with the Lase diameter parallel
to the base diameter of the LOX tank. Locators will provided in the fixture for this
purpose. Next, using an indexing template, the attach pilot holes will be drilled
through the spherical bearing in the skirt and into the LOX tank, Both parts will be
marked. The skirt will be removed, and holes in the tank will be tap-drilled and
tapped. All holes will then be deburred, Then the skirt will be moved to the LHg
tank final assembly position where the skirt is located to a reference plane by locating
blocks (iutegral parts of the fixture), Holes will be drilled, tapped and deburred as
before, ar.d fasteners will be instalied.

LHg Tank Emplacement — Using the torus tank handling fixture, the LHg tank with

skirt attached will be moved into its recess in the final assembly fixture, The hanger
skirt spherical bearing holes will be indexed to the mark to the corresponding LOX
tank holes., Fasteners will then be installed,
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J.3.3,10  (Continued)

Skin Cylinder Assembly — The 12 preassembled skin panels will be indexed against
the ring frames and attach holes at the rings and LH tank are drilled. The panels
will be removed, deburred, and the LHg tank attach holes tapped. The spherical
bearing assemblies will be pressed into the vearing fittings in the panels, The panels
will then be relocated and mechanically fastened, Panel splice doublers and hat
sections will be installed at the skin splices. The pin connections will be made be-
tween the LHy tank and the outer shell spherical bearings, The top interface ring
frame segments will be located, joined and installed, The propellant tunnels, mis-
cellaneous bracketry and access doors will also be installed,

Tank Insulation — With a nandling tool, the stage will be lifted vertically irom the
assembly fixture and moved to a turntable where the tank is coated with foam insu-
lation (only if the injection stage is scheduled for no more than two or three orbits),
If both injection siuge and mainstage are built at the same location, foam can be
appiied on the same turntable used for the main stage. The stage will be set upright
on support stands located around the base periphery of the outer shell, A boom fitted
with a tracked sprayer will extend over the tanks. As the assembly is roiated on the
turntable che spray gun will apply foam to the tanks.

Painting — The outer skin will be masked and painted. This will be accomplished
using a movable enclosure with a fume exhoust system, This enclosure will sur-
round 20 feet of skin section. When the paint is dry, the assembly will be turned
and a new section will be painted

Engine and Systems Installation — \When the spray has been applied to the toroidal
tanks, the assembly will be mcved to the engine installation area where it is placed

over the heat shicld, The lowver edge of the injection stage will rest on peripheral
pedestals, shown on Figure 5.3.2.10-2, similar to those used at the foaming station. The
heat shicld will be adjusted into position, with the jackscrew located peripherally

under the siructure. The remaiuing portions of the support frames will be installed

at this time. Ring clamps and predrilled zngles will be attached. Using appropriate
drill jigs, all remaining attach holes will be drilled and deburred. Next the remain-

ing heat shield honeycomb puneis will then be fitted to the frame, The bare edge of

the honeycombh will be covered with Refrasil and fastened into place.

The engine will then be mounted vertically on dollies which can be moved , raised,
or lowered as desired. The dollies will be positioned under the assembly, Figure
5.3.3.10-3, and cach engine will be raised into place for mating to the engine mount,

Using the engine dollies with adapters, flexible heat shields will be ruised into posi-
tion and fitted to the engine nozzles, They will then be removed, marked and shipped

with the other he«i shicld panels, The TVC actuators and other system components
will then be installed,

The injection stage will then be ready for shipment to the static firing (launch) site,
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5.3.3.10 (Continued)

Assembly of Additional Modules — Additional modules will be assembled in the
same manner as the lower module except that no engine heat shield installation will
be required. Ac: 2c- platforms will be needed to attach intertank feed lines which
are rolled into p~sition on dollies in a similar manner to the engines., Modules will
be stacked as required at the launch site.

5.3,3.11 Syst ms Fabrication

The systems requured for the injection stage, by type and subsystem in each are
listed below:

stem Subsystem
Electrical Power and Network Power Subsystem

Distrioution and Network Subsystem

Communication and Tracking Command Subsystem
C-Band Transponder Subsystem

Data Systems Measurement Subsystem
Emergency Detection Subsystem
Telemetry Subsystem
On Board Test and Checkout Subsystem

Guidance and Control System Guidance Subsystem
Steering Control Su.system
Flight Sequencing Subsystem

Systems description for the injection stage, by storable items and systems refercuce
is given below:

Packag~ No, Item Content System Reference Subsystem Reference
Yo, 1 Duplexer Communication Command
Power Divider System Sutsystem
Ordnance Firing
Unit

Command Receiver
Command decoder
Container

Top

Bottom
Cable Assembly,

5 each
Coax Cable
Coax Connectors,
10 each
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5.3.3.11
Pa~kage No,

No. 2

No, 3

No, 4

No, O

No. 7

No,

(Continued)

Item Content

Antenna
Bracket plate

Antenna
Bracket plate

Power Divider

Transponder

Cable assemblies, 2
each

Connectors, 4 e,

Coax.Cable
Container

Top

Bottom

Antenna
Bracket plate

Antenna
Bracket plite

Computer
Precision Plate

Battery, 2 es,
Measurement Power
Supply
Containes
Top

Main Power Distr.

Case

Cover

Wire Bundle
Connectors,

14 ea.

Wire, 14 ea,

Lacing Bars

System Reference

Subs:stem Reference

Guidance and
Control Subsys.

Electrical and
Power Network

Relay Bracket Assy,

Bracket

Relays, 20 ea,

Printed Circuit Card,

4 ea,
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Command Subsystem

Command Subsystem

C-Band Transponder
Subsystem

C-Band Transponder
Subsystem

Guidance and Control
Subsystem

Power Subsystem

Distributor -Network
Subsystem




5.3.3.11 (Continued)
Package No, Item Content System Reference Subsystem Reference

No, 10

No. 11

No, 12

No. 13

- No. 14

Card (phenolic)
Connector
Resistor, 10 ea.
Capacitor, 5 ea,
Transistors, 3 ea,
Diodes, 5 ea.

Switch Selector

Bus Bars, 5 ea.

Cable Assembly, 10 ea,
Wire
Connectors, 20 total

Secondary Power Supply,
2 ea,
Case
Cover

Printed Wiring Assy.,
10 ea,
Card (phenolic)
Resistors, 10 ea.
Capuaciters, 5 ea,
Transistors, 10 ea,
Diodes, 5 ea,
Connector
Bus Bar, 5 ea,
Lacing Bar, 5 ea.
Re'ay Assembly
Bracket
Relay, 10 ea,

Cable Assemblies, 30 total

Connectors, 60 total
Wire

Container
Top

Umbilical Elect, Plate

Interstage Elect, Plate

Transducers, 35 ea,

Signal Conditioners, 35 ea.

Cable Assemblies, 35 ea.
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Distributor-Network

Subsystem
Distributor -Network '
Subsystem
Distributor-Network ’
Subsystem

Data Systems Measure-
ment Subsystem




5.3.3.11 (Continued)

Package No, Item Cortent System Reference Subsystem Reference

No. 15 Test Point Selector On Board Test and
Assembly Checkout Subsystem
Selector Switch
Case
Top
Wire Bundle

Wire

Connectors, 22 ea,
P.C. Cards, 8 ea.
Card (Phenolic)
Resistors, 6 ea,
Capactiors, 5 ea,
Transistors, 5 ea,
Connector
Programmer
Cables, 14 ea.

Wire

Connectors, 28 ea,

No. 16 PCM/FM Assembly Telemetry Subsystem
128 Multiplexer
S. Band RF Assembly
Power Divider
Cable Assembly, 4 ea,
Wire
Connectors, 8 ea,
Container
Top
Coax Cable, 3 ea,
Coax
Connector, 6 ea.
Pack

No. 17 Antenna Telemetry Subsystem
Bracket (plate)

No, 18 Aatenna Telemetry Subsystem
Bracket (plate)

3.3.4 injection Stage Resource Implications

The injection stage resource implications can be divided into five major subsections.
These are manpower, materiale, tooling, capital equipment and facilities.
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3. 341 Injection Stage Fabrication - Recurring Manufacturing Manpower
Estimates

These estimates were based on S-1IC experience, as the vehicles being costed are simi-
lar in materials and type of construction. The estimates were prepared for the 10th
unit and factored up the learning curve to obtaiu the first unit value.

Tables 5. 3. 4. 1-1 through 5. 3, 4, 1-III summarized the direct manufacturing manhour
estimates for the 2-, 4- and 6-engine modules, for the AMLLV and MLLYV vehicles,
respectively. Table 5. 3, 4. 1-IV summarized the manufacturing manhours for a single
fuel module. These manhours are groupcd to permit selection of the combination
chosen for the first unit injection stage, which will be defined as that employed on the

first flight test vehicle. Costs have been factored on a learning curve of 83 percent
for the 10th unit,

As shown in Tables 5. 3, 4. 1-I through 5. 3, 4, 1-1V, the manhours may be subdivided into
those required for str icture, engine installation and system installation. The method

of obtaining the manhour requirement is presented below for the single module
configuration.

Single Module Injection Stage - Structure Manhours — The fabrication and assembly

of the LHy and LOX tanks were estimated considering the time required to cut and trim,
form, and weld the tank panels. Most of the other fabrication and assembly activities
were estimated by comparing two similar activities performed on the S-I1C stage.

Other cost elements for the injection stage were not estimated to these elements;

therefore, they were regrouped and projected to the first unit (using the 83 percent
learning curvej.
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TABLE 5. 3.4.1-1 MANUFACTURING MANHOURS (RECURRING) FOR
INJECTION STAGE 2-ENGINE MODULE, AMLLV AND MLLV

ITEM PRGDUCTION MANHOURS
AMLLV MLLV
STRUCTURES
AMLLV  MLLV
Skirt 38,935 24,529
LOX Tank 59,181 37,284
LHy Tank 78,704 49,584
Thrust Structure 41,427 26,099
Tunnels 19,000 15,010
Manhour Totals 237,247 149, 466 237, 247 149, 466
PROPULSION/ 69, 281 69,281
MECHANICAL
ELECTRICAL/ 67, 559 67,559
ELECTRONICS
INSTRUMENTATION 27,474 27,474
FLIGHT CONTROL 7,802 7,802
ASSEMBLY 74, 132 58, 46-.
ENGINE INSTALLATION,
TWO ENGINES 2,706 2,706
TOTAL MANHOURS 486, 201 382,752
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TABLE 5, 3.4, 1-11 MANUFACTURING MANHOURS (RECURRING) FOR
INJECTION STAGE 4-ENGINE MODULE, AMLLV AND MLLV

ITEM PRODUCTION MANHOURS
AMLLV MLLV
STRUCTURES t
AMLLV  MLLV
Skirt 38,935 24,529 '
LOX Tank 59,181 37,284
! LHo Tank 78,704 49,584
‘ Thrust Structure 41,427 26,099 ’
Tunnels 19,000 15,010
Manhour Totals 237,247 149,466 234,247 14¢, 466
PROPULSION/ 85, 884 85, 885
MECHANICAL
ELECTRICAL/ 83,501 83,501
ELECTRONICS
INSTRUMENTATION 38, 023 38, 023
FLIGHT CONTROL 10,798 10, 798
ASSEMBLY 74, 132 58, 564
ENGINE INSTALLATION, 5,412 5,412
FOUR ENGINES I
TOTAL MANHOURS 534,997 431,649
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9.3.4.1 (Continued)

TABLE 5.3.4.1-II1 MANUFACTURING MANHOURS (RECURRING) FOR
INJECTION STAGE 6-ENGINE MODULE-AMLLV AND MLLV

e santio] ot LLLLL L L B 1

' ITEM PRODUCTION MANHOURS*
AMLLV MLILV
l STRUCTURES
AMLLV  MLLV
' Skirt 38,935 24,529
LOX Tank 59,181 37,284
l LH2 Tank 78,704 49,584
Thrust Structure 41,427 26,099
Tunnels 19,000 15, 010
' Manhour Totals 237,247 149,466 237,247 149, 466
PROPULSION/ 128,561 128,561
' MECHANICAL
ELECTRICAL/ 125,117 123, 117
ELECTRONICS
l INSTRUMENTATION 54,947 54, 947
FLIGHT CONTROL 15,604 15,604
ASSEMBLY 74,132 58, 564
' ENGINE INSTALLATION, 8,118 8,118
SIX ENGINES -
l TOTAL MANHOURS 643,726 540, 377
' * Manhours are for the engine module + installation of six engines,




5,2,4.1 (Continued)

TABLE 5.3.4.1-IV  MANUFACTURING MANHOURS (RECURRING) FOR
INJECTION STAGE FUEL MODULE, AMLLV AND MLLV

ITEM PRODUCTION MANHOURS*
AMLLV MLLV
STRUCTURES
AMLLV  MLLV
Skirt 38,935 24,529
LOX Tank 59,181 37,284
LHs Tank 78,704 49,584
Thrust Structure (Not Required)
Tunnels 19,000 11,970
Manhour Totals 195,820 123,367 195, 820 123,367
PROPULSION/ 10,052 10,000
MECHANICAL
ELECTRICAL/ 10, 000 10,000
ELECTRONICS
INSTRUMENTATION N/A N/A
FLIGHT CONTROL N/A N/A
ASSEMBLY 48,920 38,647
TOTAL MANHOURS 264,740 182,014

* Manhours are for one fuel module,
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5,3.4.1 (Continued)

Singl» Module Injection Stage - Engine Installation — The estimate for the engine
instzllation time is based on S-IC actual manhours for its engine installation. Although
the engine is considerably smaller, it still has about the same number of connections
and interfaces, Estimate was made using the following:

S-IC manhours = 6764
Formula:

No, engine (3 module configuration) = = 1.2

No. S-IC engines

6
5

Single module configuration = 2706 manhours
Two module configuration = 5412 manhours
Three module configuration = 8118 manhours

Since both the AMLLV and MLLV have the identical number of engines per module,
these manhours are equally applicable.

Injection Stage System Installation -—— Most of the systems will be contained in the

lower module (i.e., engine module). Each of the fuel modules will have its own pres-
surization system and 2 liraited amount of instrumentation. Shown below in Table
5.3.4.1-V are the manhours for the systems installation for the AMLLV and MLLV. These
hours are the same, since the identical number of systems are used and the degree of
complexity is unchanged with size.

503.4.2 Injection Stage Fabrication - Nonrecurring Manufacturing Manpower
Estimates

Estimates for manufacturing and engineering labor for get ready costs were prepared.
Table 5.3.4.2-IV summarizes the AMLLV and MLLV direct manhours. These estimates
do not include the manhours associated with facility (brick and mortar, capital equip-
ment) construction and installation. The rationale used in preparing these estimates

is based on S-IC experience, and options of knowledgeable personnel in manufacturing
test and tooling.,




TABLE 5.3.4,1-V AMLLV INJECTION STAGE SYSTEM

INSTALLATION
MANHOUR&
Systems Installed* Single Module | Two Modules | Three Mocdules
Propulsion/ 69,281 95,884 138,561
Mechanical
| Electrical 67,559 93,501 135, 117
| Instrumentation 27,474 38,023 54,947
Flight Control 7,802 10,798 15,604
Unit No, 1-Totals 172,116 238,206 344,229

injection stage configuration.

* Systems listed are those installed on Production Unit No. 1 of the single module

TABLE 5.3.4.2-IV SUMMARY OF NONRECURRING THREE MODULE
INJECTION STAGE CONFIGURATION - DIRECT
MANUFACTURING MANHOUR ESTIMATES

Direct Manhours

Direct Manhours

Injection Stage Items AMLLV MLLV
Engine Installation GSE 21,694 21,694
Engine Installation Planning 6,942 6,964
GSE - Fab and Erect 260,514 218,061
Tool and Production Plan 1,060,544 726,464
Tool Fab and Erect 2,392,000 1,506,960
Tool Design 903,218 573,843
Manufacturing Development 104, 668 71,511
Total Manhours 4,749,580 3,125,497
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5.3.4.3 Injection Stage Structures Material - Recurring

The injection stage structural material costs are based on average dollar-per-pound

value of the S-IC forward skirt, LOX tank and fuel tank. This is considered the most
logical means of obtaining a dollar-per-pound value since the iniec.ion stage is com-

posed of three structures fabricated from materials common to the above S-IC struc-
tures.

Material dollars (AMLLV) were estimated as follows:
Formula:

$10,01 = Avg. dollar-per-pound value of the S-IC forward skirt,
LOX tank and fuel tank

83,868 lbs, weight of AMLLV injection stage (less systems wgt)
x $10,01
$847, 017 material cost AMLLV injection stage structure .

The above is for a single AMLLV lower module. For the upper modules, a material
cost of $540,711 per module was used.

Material dollars (MLLV) were estimated as follows:

Formula:

$10,01 = Avg. dollar-per-pound value of the S-IC forward skirt,
LOX tank and fuel tank

43,522 1bs, weight of MLLV injection stage (less systems wgt)
x $10,01
$439,568 material cost MLLV injection stage structure .

The above is for a single MLLV lower module. For the upper modules, a material
cost of $282,602 per module was used.

5.3.4.4 Injection Stage Systems Materials

Recurring — Material dollars based on a ratio of S-IC engines to those of the injec-
tion stage. This ratio is applied to all systems of the §-IC that are common to those
of the injection stage. All systems are considered comparable with the exceptions of
the LOX and fuel delivery systems. The AMLLYV injection stage system material costs
were computed as follows:




5.3.4.4 (Continued)
Comparable material dollars S-IC systems
$4,242,822 total S-IC systems
- 1,388,786 total LOX delivery system
- 865,644 total fuel delivery sysiem

$1,999,392 ;

Ratic: Injection Engines =6 = 1,2 ;
S IC Engines 5

Material cost injection stage (AMLLYV)

$1,999, 392
x 1,2

$2,399,270 Total for three module AMLLYV injection stage;
$1,799,453 for two module AMLLYV injection stage;
$1,199,636 for single module AMLLYV injection stage.

For the MLLV, the injection stage system material costs were computed as follows:

a, For the single module injection stage system materials - $1,079,624;

b, For the two module injection stage system materials - $1,644,483;

C. For the three module injection stage systems materials - $2,209,343.
Nonrecurring Injection Stage MGSE Materials Cogt — Based on a size ratio with the

S-IC material costs were computed as follows:

Material cost S-IC $3, 345,269
Size ratio .3

Material Cost $1, 003,580,
The MGSE costs for the AMLLV and MLLV are identical.
5.3,4.5 Injection Stage Tooling Materials - Noarecurring
Nonrecurring injection stage tooling materials costs were computed as follows:

AMLLYV Material Dollars MLLYV Material Dollars

2,881,260 Manhour tool production| 1,815,204 Manhours tool production
x $1.75 per production manhour|  x $1,75 per production manhour
$5, 042,205 Tooling material dollarg $3,176,607 Tooling material dollars .




5.3.4.5 (Continued)

Table 5. 3. 4. 5-1 itemizes the elements making up these totals, and also includes
the non-recurring cost of GSE.

50.3.4.0 Injection Stage Tooling

The tooling lists which follow identify the manufacturing tooling necessary to fabricate
the injection stage. For the major tooling items, the tooling concept is illustrated.

Table 5. 3. 4. 6-1 itemizes the manhours for fabrication and erection of tooling used
to build all modules,

LH,y Tank Teols — The LH2 and LOX torus tank of the injection stage are similar in
configuration and structure, differing only in size. The manufacturing sequences re-
quired to produce these tanks will be almost identical. In describing these sequences,
the LHy tank was taken as the typical example., The LOX tank assembly sequence was
presented as a matter of format and its context was referenced to the LHj tank agsem-
bly where fabrication plans are the same, Following are tool lists for both tanks,

This section contains listings of the subassembly tooling and major assembly tooling
required to manufacture the LHy tank assembly. Some of the detail tooling required
to produce the subassemblies is also included, along with the function of a:l the tools.

LH, manifold ring with manifold fittings:

TOOL FUNCTION

Major assembly fixture This tool is used to hold the LHy ring seg-
ments together for wciding and trimming

Streich form die Used to form manifold ring segments

LHy ring segment handling tool Used for moving the LHg segments to the
major assembly fixture

Trim fixture Used to hold segments for end trimming

LH, ring handling tool Used to move LH, manifold ring assembly

to LH, tank assembly fixture




TABLE 5.3.4.5-1

INJECTION STAGE TOOLING MATERIAL

REQUIREMENTS - NONKECURRING
AMLLV AND MLLV

ITEM AMLLV MLLV
STRUCTURES
AMLLV MLLV
Skirt 1,107,015 697,419
LOX Tank 376, 058 236,917
LHy Tank 1,012,725 638,017
Thrust Structure 1,392,300 877,149
Tunnels 67,568 42,567
Totals 3,955,606 2,492,069 $3,955,666 | $2,492, 069
PROPULSION/ 849,940 535, 462
MECHANICAL
ELECTRICAL/ 44,135 27, 806
ELECTRONICS
INSTRUMENTATION 41,633 26, 246
FLIGHT CONTROL 150, 833 95, 025
Sub Total $5,042,217 | $3,176,608
GSE 1,003,581 1,003, 581
$6,045,798 | $4,180,189
] L ——
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TABLE 5, 3. 4.6=1 INJECTION STAGE TOOL FABRICATION AND

ERECTION MANFOWER REQUIREMENTS,

NONRECURRING - AMLLV AND MLLV

ITEM AMLLV MLLV
STRUCTURES
AMLLV MLLV
skirt 632,580 398, 525
LOX Tank 214,890 135, 381
LH, Tank 578,700 364,581
Thrust Structure 795,600 501,228
Tunnels 38,610 24, :_3_2_4
Structures Totals 2,260,380 1, 424, 039
PROPULSION/ 485, 680 305,978
MECHANICAL
ELECTRICAL/ 25,220 15,889
ELECTRONICS
INSTRUMENTATION 23,790 14,998
FLIGHT CONTROL 86, 190 54, 300
Sub Total 2,881,260 1,815,204
GST FAB & ERECTION 260,514 218,061
TOTAL MANHOURS 3,141,774 2,033,265

Note: These tools build all injection stage moduies.
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5,3,4.6 (Continued)

TOOL

Drain fitting handling tool

Outer T-ring LH, tank:

TOOL

Ring segment handling tool

Trim fixture

Outer T-ring assembly fixture

Ring handling tool

Inner T-ring LH,y tanks

TOOL
Ring segment handling tool
Trim fixture

Inner T-ring assembly fixture

Ring handling tool

Section splice segments LHo tank:

TOOL

Segment handling tool

Trim fixture

336

FUNCTION

Used to position manifold fittings on ring
segment and manifold ring

FUNCTION

Used to transfer ring segments to ring
assembly fixture

Used to hold ring segments for trimming
ring segment ends prior to welding

Major assembly fixture for holding ring
segments together for welding

Used to move outer T-ring assembly to
next assembly

FUNCTION

Major assembly fixture for holding ring
segments together for welding

Used to move inner T-ring assembly to
next assembly

FUNCTION

Used to transfer segments to assembly
position

Used to hold segments for end trimming
operations




‘ 5.3.4.6 (Continued)

Shear web LH2 tank:

TOOL

Major assembly fixture
Shear web handling tool

Form die

LHZ tank skins:

TOOL

Handling tool

Bulge form die

Major assembly tools:

TOOL

| Final assembly fixture, LHg tank

LH, tank handling tool

FUNCTION

Used to hold web skin, doubler and hat
sections for riveting operations

Used to position web inside torus tank
assembly

Used to make joggle in shear web

FUNCTION

Used to transfer formed tank skins into
assembly fixture

Used to form upper and lower section
halves of torus segment

FUNCTION

Used to hold tank segment in position for
welding and assembly of tank

Used to move LHg tank to final assembly
and other stations

} Miscellaneous tools are those tools coded according to function but cannot be classified
: as dies, jigs, fixtures or mechonical equipment, These tools include:

a, Drill tools - special drill bits, reamers, etc.;

b. Form cutting tools - special cutting tools required for use on lathes,
milling machines, etc,;

C. Standard tools - tools not limited to specific parts or assemblies such as
tube bending tools, burring tools, wrenches, etc.

LOX Tank Assembly Togls — This section contains a listing of the subassembly and
major assembly tools required for the fabrication of the LOX torus tanks. The func-
tion of each tool is also given,
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D:3.4.6 (Continued)

LOX manifold ring with fittings:

TOOL FUNCTION
Major assembly fixture Used to hold the LOX ring manifold seg- l
ments for welding
Stretch form die Used to form the LOX ring segments l
LOX ring segment handling tool =~ Used for moving the LOX ring segments
to the major assembly fixture '
Trim fixture Used to hold ring segments for end trim-
ming l
LOX ring handling tool Used to move LOX manifold ring assembly

to the LOX tank assembly fixture

Drain fitting handling (ool Used to position manifold fittings on ring
segments and on manifold ring assembly

Inner T-Ring, LOX tank:

TOOL FUNCTiON

Ring segment handling tool Used to transfer ring segments to ring
assembly fixture

Trim fixture Used to hold ring segments for trimming
ends
Assembly fixture Used to hold ring segments for welding

inner T-ring

Ring handling tool Used to move ring assemhly to torus tank
: assembly fixture

Outer T-Ring LOX tank:

TOOL 4 FUNCTION

Rin,; segment handling tool Used to transfer ring segments to ring
assembly fixture

Trim fixture Used to hold ring segments for trimming
ends
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5.3.4.6 (Continued)

TOOL

Outer T-rung assembly fixture

Ring handling tool

Section splice segments, LOX tank:

TOOL

Segment handling tool

Trim fixture

Shear webs, LOX tank:

TOOL

Maior assembly fixture

Shear web handling toc!

LOX tank skins:

TOOL

Handling tool

Bulge form die

Major assembly tools:

TOOL

Major ssembly fixtur:

LOX tank handling tool

FUNCTION

The major assembly fixture for holding
ring segments together for welding

Used to move ring assembly to torus tank
assembly fixture

FUNCTION

Used to transfer segments to assembly
position

Used to hold segments for end trimming
nperation

FUNICTION

Used to hold web skin, doubler and hat
sections for riveting operations

Used to position web assemblies inside
torus tank assembly

FUNCTION

Used to transfer formed tank skins to
assembly fixture

Used to form skin sections

FUNCTION

Used to hold manifold ring and tank skins
for assembly of torus tank

Used to move LOX torus to final assembly
and to other stations




5.3.4.6 (Continued)

Miscellaneous tools are identical to those miscellaneous tools for the LHy tanks.

Skin panel assembly tools. — The following tools are required to fabricate skin panel

assemblies:
TOOL

Skin panel assembly fixture

Personnel platform

Skin segment NC tapes

Hat section hoisting tool

Hat section drill plate

Skin panel hoisting tool

Skin panel assembly hoisting tool

FUNCTION

Used to build up the complete subassembly
from skins and hat sections

Used to provide access to the skin panel
subassembly fixture

Numerical control tapes for machining the
skin

Used to hoist hat section stiffeners in and
out of the subassembly jig

Used to locate fastener holes in hat
section

Required to handle large skin panels

Required to handle skin panel subassem-
blies

Thrust Ring Segment Tooling — The following tools are required to fabricate the

upper and lower ring assembly:
TOOL
Upper ring segment subassembly
fixture
Lower ring segment subassembly
fixture

Upper ring track router fixture

Lower ring track router

FUNCTION

Required to assemble bonded honeycomb
web to inner and outer T-chords, as
shown on Figure 5.3.4.6-1

Similar to above

Used to hold the face sheets while the
correct profile is routed around their
edges; also, provides the correct profile

track for the router to follow

Similar to above




INNER & OUTER CHORDS

ty

HONEYCOMB WEB

FIGURE 5.3.4.6-1 INJECTION STAGE RING SEGMENT ASSEMBLY FIXTURE
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5.3.4.6 (Continued)
TOOL FUNCTION
Upper ring segment bonding fixture Holds the face sheeis, Z-sections and

honeycomb while the adhesive bonding
material is being cured in the autoclave

Lower ring bonding fixture Similar to above
Upper ring track router fixture Provides a means of stabilizing the edges
with polyglycol chuck of the honeycomb during the routing opera-

tion, as shown on Figure 5.3.4.6-2

Lower ring track router fixture Same as above

Upper ring web assembly hoisting  Used to transport web assembly, as shown

tool on Figure 5.3.4.6-3

Lower ring web assembly hoisting Same as above

tool

Drill plate Locates holes for mechanical fasteners
in completed segments

Handling tool Used to lift inner and outer T-chords,
as shown on Figure 5.3.4.6-4

Interface ring segment assembly tooling, -— The assembly tooling required to fabri-

cate the interface ring segment is as follows:

TOOL FUNCTION
Stretch form die Used to form the ring segments
Ring segment handling tool Used to move the segment to the final

assembly fixture

Trim fixture Used to hold ring segment for end trim-
ming operations

Hanger skirt tooling. -- The tooling required for this ring is as follows:
TOOL FUNCTION

Segment layup form Used to layup fiberglass segments to
proper contour and shape
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POLYGLYCOL CHUCK
COMBINED WITH VACUUM

GUIDE RAIL
TYPICAL TWO PLACES 1 ~~

TRACK ROUTER
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FIGURE 5.3.4.6-2 TRACK. ROUTER TABLE WITH POLYGLYCOL CHUCK
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WEB ASSEMBLY
HANDLING FIXTURE -

/ WEB ASSEMBLY

FIGURE 5.3.4.6-3 INJECTION STAGE RING SEGMENT ASSEMBLY HANDLING FIXTURE
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FIGURE 5.3.4.6-4
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INJECTION STAGE HANDLING TOOL - INNER AND OUTER CHORDS
OF RING SEGMENT SUBASSEMBLY
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5.3.4.6  (Continued)
TOOL FUNCTION

Trim fixture A holding fixture with a track router for o
trimming the segments to size

Drill templates These index to the trim fixture and estab-
lish the hole pattern for the spherical
bearings

Engine Mount Tooling — Engine mount tooling is as follows:

TOOL FUNCTION

Engine mount handling tool Used to place the forging in the final
assembly fixture

Special drill bits, reamers, etc. Used as required i

Form cutting tools Special tools used on lathes, milling
machines, etc.

Rase Heat Shield — Following is a brief description of tools and capital items,
Tools are identified by the subassembly with which they are associated. Capital items
are identified by function.

Base Heat Shield Support Structure — The following tools are required to fabricate
and assemble the support structure:

TOOL FUNCTION
Support structure assembly fixture Used to assemble channel and other details
with drill plates into a framework to support the honeycomb
panels
Miscellaneous trim fixtures Used to hold the details for net trimming
the ends to length and shape
Heat Shield Honeycomb and Refrasil Panels — These tools are needed for fabrication
and assembly of the honeycomb and Refrasil panels:
TOOL FUNCTION
Track router trim fixture Used to trim the bonded honeycomb panels
net
Bonding fixture Required for holding sandwiches panels

together for bonding in an autoclave
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5.3.4.6 (Continued)
TOOL

Drill templates

FUNCTION

These are required for drilling holes for
Refrasil attach stud inserts

Heat Shield Assembly Tools — These tools are required for installing the honeycomb
and Refrasil panels to the support structure:

TOOL

Drill templates

Honeycomb panel handling fixture

Heat shield final assembly tool

Heat shield handling fixture

Heat shield ‘nverting tool

FUNCTION

Required to establish an attach hole pat-
tern between the honeycomb and support
structure

Needed to fabricate moving honeycomb
panels to heat shield assembly area

Used for holding the support structure for
installation of honeycomb and Refrasil
panels

Used to lift support structure and com-
pleted heat shield assembly

Used to invert the heat shield for place-
ment into the final assembly station

Final Assembly Tools — A brief description of each tool and capital item follows.,
Unless otherwise noted all tools are designed specifically for the final assembly of
the injection stage. Capital item and general purpose equipment are identified by

function,

The following tools are required to assemble the injection stage:

TOOL

Major assembly fixture

Major assembly personnel
platforms

Pickup position personnel
platform

FUNCTION

This tool is used for assembling the ring
frames, loading and interconnecting pro-
pellant tanks, and attaching skin panels as
shown on »igure 5.3.4.6-5

These are required to provide access to
the major assembly fixture

These provide access to the injection stage
for engine 1nd systems installation as well
as the Refrasil-honeycomb heat shield
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5.3.4v6

(Continued)
TOOL

Major assembly handling tool

Major assembly transportation

dolly

Skin panel handling tool

Ring segment handling tool

Engine thrust post handling tool

Base heat shield master gage

Interface hole pattern master
gage

Hanger skirt handling tool

Torus tank handling tool

Foam spray fixture with boom

Special purpose paint hoeth

FUNCTION

To lift the injection stage from one posi-
tion to another or to the transportation
dolly

This dolly is used to move the injection
stage to the foaming and painting area

To provide a means of attaching the over-
head crane to skin panels for movement

To serve .he same function as above for
holding ring segments

Serves the same function for the thrust
post

To establish a standard hole pattern for the
base heat shield panels. This is particu-
larly needed in the event that the base heat
shields are purchased

To establish a standard hole pattern be-
tween injection stage modules, between
modules and payload and between forward
skirt and modules

A tool is needed to raise the hanger skirt
keeping the edges of each segment in the
same place

LHy and LOX tanks must be lifted with the
overhead crane, This tool will provide a
means of disiiibuting the weight of thc tank
more evenly

This provides a means of evenly applying
plastic foam insulation to the torus tanks

This ventilated paint spray booth 20 by
20 by 10 ft, is necessary to prevent paint
fumes from entering occupied spaces and
to provide drying




5.3.4.6 (Continued)
TOOL

Engine dollies (four required)
with adaptors

Pedestals

Support frame mounts

Drill templates

FUNCTION

These dollies transport the injection stage
engines and raise them into position. With
adaptors they handle ducts and other en-
gine associated hardware

These provide a level base upon which to
rest the stage at the foaming station and
the pickup position

Twelve rigid removable fioor mounted
pedestals with jackscrews for raising the
heat shield into position in the injection
stage

Drill templates are used as guides to drill
standard hole patterns

Injection Stage Tooling Summary -- Following is a summary listing * y structures,
LHg torus tank, and LOX torus tank of the tooling reyuired to fabricate and assemble

the injection stage:
_ASSEMBLY

Structures
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NOMENCLATURE - PURPOSE

Major assy fixture

Major assy pick-up position

Skin panel subassy

Lwr. ring seg. subassy

Box ring seg. subassy

Track router - lwr ring seg. web
Track router - box ring seg. web
Track router with ice chuck - honeycomb
Bonding fixture - lwr ring seg.
Bonding fixture - box ring seg.